Characterization and development of axle load spectra to enhance pavement design and performance on the basis of new mechanistic-empirical design guide in Louisiana by Sridhar, Bharath Kumar
Louisiana State University
LSU Digital Commons
LSU Master's Theses Graduate School
2008
Characterization and development of axle load
spectra to enhance pavement design and
performance on the basis of new mechanistic-
empirical design guide in Louisiana
Bharath Kumar Sridhar
Louisiana State University and Agricultural and Mechanical College, bharathbuddy@yahoo.com
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Civil and Environmental Engineering Commons
This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.
Recommended Citation
Sridhar, Bharath Kumar, "Characterization and development of axle load spectra to enhance pavement design and performance on the







CHARACTERIZATION AND DEVELOPMENT OF AXLE LOAD SPECTRA TO 
ENHANCE PAVEMENT DESIGN AND PERFORMANCE ON THE BASIS OF NEW 










Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 






















Bharath Kumar Sridhar 





I would like to express my deepest and sincere appreciation to my advisor Dr. Sherif Ishak for 
his persistent guidance and support to me throughout the research and my graduate studies at 
LSU.  I thank Dr. Hak-Chul Shin for his support and guidance throughout the research work.  
Without their guidance the research study would not have been possible.  I thank Dr. Mostafa 
Elseifi for being on my defense committee and evaluating me on my research work.  I also thank 
Dr. Chester Wilmot and Dr. Brian Wolshon from the Transportation department for sharing their 
knowledge upon taking courses during my graduate studies.  I thank my parents for their love 
and support while I decided to be a graduate student at LSU.  I thank Vamshi and Ravi for their 
invaluable help during the course of this study.  I also thank my friends in the transportation lab 




TABLE OF CONTENTS 
ACKNOWLEDGMENTS .............................................................................................................. ii 
LIST OF TABLES ......................................................................................................................... vi 
LIST OF FIGURES ..................................................................................................................... viii 
ABSTRACT ................................................................................................................................... xi 
1. INTRODUCTION ...................................................................................................................1 
1.1 BACKGROUND AND PROBLEM STATEMENT ....................................................... 1 
1.2 STUDY OBJECTIVES .................................................................................................... 2 
2. LITERATURE REVIEW ........................................................................................................4 
2.1 AASHTO PAVEMENT DESIGN GUIDE ...................................................................... 4 
2.1.1 Equivalent Single Axle Loads (ESAL) ..................................................................... 5 
2.1.2 Load Equivalency Factors (LEF) .............................................................................. 6 
2.2 MECHANISTIC-EMPIRICAL PAVEMENT DESIGN GUIDE .................................... 7 
2.2.1 Need for Mechanistic-Empirical Pavement Design Guide ....................................... 7 
2.2.2 Traffic Input for Pavement Design ........................................................................... 8 
2.2.3 Hierarchical Traffic Input for MEPDG ..................................................................... 9 
2.2.4 Axle Load Spectra................................................................................................... 10 
2.2.5 Growth Factors........................................................................................................ 12 
2.2.6 MEPDG Software ................................................................................................... 13 
2.3 CLASSIFICATION OF TRAFFIC DATA BY TYPE .................................................. 14 
2.3.1 Traffic Volume........................................................................................................ 14 
2.3.2 Vehicle Classification ............................................................................................. 14 
2.3.3 Axle Configuration and Weight Data ..................................................................... 15 
2.4 WEIGH-IN-MOTION (WIM) STATIONS ................................................................... 16 
2.4.1 Portable WIM Stations ............................................................................................ 17 
2.4.2 Permanent WIM Stations ........................................................................................ 18 
2.5 DATA COLLECTION PROCEDURES BY OTHER STATES ................................... 19 
3. DATA COLLECTION ..........................................................................................................38 
3.1 PORTABLE WIM DATA ............................................................................................. 38 
3.2 TRUCK ROUTE DATA ................................................................................................ 39 
3.3 WEIGHT ENFORCEMENT SITES .............................................................................. 39 
4. METHODOLOGY ................................................................................................................47 
4.1 CURRENT PRACTICES OF TRAFFIC DATA COLLECTION BY LADOTD ......... 47 
4.1.1 Portable WIM Data ................................................................................................. 47 
4.1.2 Limitations of the Current Practices of Traffic Data Collection ............................. 53 
4.1.3 Long Term Pavement Performance (LTPP) Data ................................................... 55 
4.2 STRATEGIC PLAN FOR WIM DATA COLLECTION PROGRAM ......................... 57 
4.2.1 Alternative Plan # 1 ................................................................................................ 60 
iv 
 
4.2.2 Alternative Plan # 2 ................................................................................................ 64 
4.3 RECOMMENDED PORTABLE AND PERMANENT EQUIPMENT ........................ 65 
4.4 CRITERIA FOR BUILDING A PERMANENT WIM STATION ............................... 66 
4.5 EVALUATION OF WIM DATA .................................................................................. 66 
4.5.1 Steering Axle Load Test ......................................................................................... 67 
4.5.2 Gross Vehicle Weight Test ..................................................................................... 70 
4.6 COMPARISON OF TRUCK TRAFFIC CHARACTERISTICS .................................. 74 
4.6.1 Testing Similar Single Axle Load Spectra and Vehicle Class Distribution ........... 75 
4.7 IMPLEMENTATION PLAN ......................................................................................... 79 
5. RESULTS AND DISCUSSIONS ..........................................................................................82 
5.1 VEHICLE CLASS DISTRIBUTION FOR FUNCTIONAL CLASS............................ 82 
5.2 TRUCK TRAFFIC CLASSIFICATION GROUPS ....................................................... 84 
5.2.1 Vehicle Class Distribution for TTC Groups ........................................................... 86 
5.2.2 Axle Load Spectra for TTC Groups ........................................................................ 89 
6. CONCLUSIONS AND RECOMMENDATIONS ..............................................................100 
6.1 SUMMARY ................................................................................................................. 100 
6.2 CONCLUSIONS .......................................................................................................... 101 
6.3 OTHER FINDINGS ..................................................................................................... 102 
6.4 RECOMMENDATIONS ............................................................................................. 103 
REFERENCES ............................................................................................................................105 
APPENDIX A: VEHICLE CLASS DISTRIBUTIONS FOR FUNCTIONAL CLASSES.........107 
APPENDIX B: SINGLE AXLE LOAD SPECTRA AND VEHICLE CLASS DISTRIBUTIONS 
FOR WIM SITES HAVING SIMILAR CHARACTERISTICS .................................................109 
APPENDIX C: VEHICLE CLASS DISTRIBUTIONS FOR TTC GROUPS ............................119 
APPENDIX D:  SINGLE AXLES PER VEHICLE CLASSES, SINGLE AXLE LOAD 
SPECTRA FOR COMBINED VEHICLE CLASS, AND SINGLE AXLE LOAD SPECTRA 
FOR PRIMARY CLASSES FOR TTC GROUPS ....................................................................121 
APPENDIX E:  TANDEM AXLES PER VEHICLE CLASSES, TANDEM AXLE LOAD 
SPECTRA FOR COMBINED VEHICLE CLASS, AND TANDEM AXLE LOAD SPECTRA 
FOR PRIMARY CLASSES FOR TTC GROUPS ....................................................................130 
APPENDIX F:  TRIDEM AXLES PER VEHICLE CLASSES, TRIDEM AXLE LOAD 
SPECTRA FOR COMBINED VEHICLE CLASS, AND TRIDEM AXLE LOAD SPECTRA 
FOR PRIMARY CLASSES FOR TTC GROUPS ....................................................................139 









LIST OF TABLES 
Table 2.1: Functions used to forecast truck traffic ....................................................................... 13 
Table 2.2: Summary of strengths and weaknesses of the permanent and portable WIM stations 20 
Table 2.3: Mississippi LTPP Traffic Sites .................................................................................... 25 
Table 2.4: Monitoring Data Summary .......................................................................................... 26 
Table 2.5: Estimated Total Costs ($) for First Five Years of Program ......................................... 29 
Table 2.6: Estimated WIM Program Costs ................................................................................... 34 
Table 2.7: WIM equipment estimated initial and recurring costs ................................................. 36 
Table 2.8: WIM system accuracy and cost comparison ............................................................... 37 
Table 3.1: Traffic data collected for this study ............................................................................. 38 
Table 3.2: Location of WIM Enforcement Sites ........................................................................... 46 
Table 4.1: Existing portable WIM sites in Louisiana ................................................................... 48 
Table 4.2: Functional Classification Code .................................................................................... 51 
Table 4.3: Minimum sample size (number of days per year) to estimate the normalized axle load 
distribution- WIM data ................................................................................................................. 54 
Table 4.4: Minimum sample size (number of days per year) to estimate the normalized truck 
traffic distribution- AVC data ....................................................................................................... 55 
Table 4.5: Minimum sample size (number of days per year) to estimate the total vehicles per day 
and year-AVC or vehicle count data ............................................................................................. 55 
Table 4.6: Level of confidence and expected error for current LA traffic data ............................ 55 
Table 4.7: Abbreviations used in Figure 4.5 through Figure 4.7 .................................................. 61 
Table 4.8: Permanent WIM sites replaced by enforcement sites .................................................. 65 
Table 4.9: WIM sites passing steering axle and gross vehicle tests ............................................. 73 
vii 
 
Table 4.10: WIM sites having similar single axle load spectra .................................................... 76 
Table 4.11: WIM sites having similar single axle load spectra for class 5 and 6 ......................... 78 
Table 4.12: WIM sites in close proximity to proposed permanent WIM sites ............................. 79 
Table 4.13: Time required in completing the pilot study.............................................................. 80 
Table 4.14:  List of prioritized proposed WIM sites for Alternative Plan 1 ................................. 81 
Table 4.15:  List of prioritized proposed WIM sites for Alternative Plan 2 ................................. 81 
Table 5.1 : General Truck Traffic Classification Descriptions  .................................................... 84 
Table 5.2 : Functional Classification and TTC Relationship ........................................................ 85 
Table 5.3 : Truck Traffic Classification Group Criteria ............................................................... 85 




LIST OF FIGURES 
Figure 2.1: Traffic data required for each of the three hierarchical input levels .......................... 10 
Figure 2.2: Traffic data required for each of the three hierarchical input levels .......................... 11 
Figure 2.3: FHWA Vehicle Classifications .................................................................................. 15 
Figure 2.4: GVW (Class 9 vehicle) versus frequency for Station P04 (2000) ............................. 23 
Figure 2.5: Steering axle weight (Class 9 vehicle) versus frequency for Station P04(2000) ....... 24 
Figure 2.6: Arkansas statewide and default single axle load spectra for VC 9 ............................ 32 
Figure 2.7: Arkansas statewide and default tandem axle load spectra for VC 9 .......................... 33 
Figure 3.1: Truck routes in North West region ............................................................................. 40 
Figure 3.2: Truck Routes South West Region .............................................................................. 41 
Figure 3.3: Truck routes in North East region .............................................................................. 42 
Figure 3.4: Truck routes in South East region .............................................................................. 43 
Figure 3.5: Mainline Truck Sorting at WIM enforcement stations .............................................. 45 
Figure 3.6: WIM enforcement stations within Louisiana ............................................................. 46 
Figure 4.1: Portable WIM data collection sites for year 2006 ...................................................... 51 
Figure 4.2: Portable WIM data collection sites for year 2005 ...................................................... 52 
Figure 4.3: Portable WIM data collection sites for year 2004 ...................................................... 52 
Figure 4.4: Layout of the LTPP WIM site on US-171 in Louisiana............................................. 56 
Figure 4.5: Map showing WIM stations in Shreveport region ..................................................... 62 
Figure 4.6: Map showing WIM stations in Maiden-Ruston region .............................................. 63 
Figure 4.7: Map showing WIM stations in Monroe-Madison region ........................................... 64 
Figure 4.8: Steering axle weight (Class 9 vehicle) versus frequency for Site # 38 ...................... 67 
Figure 4.9: Steering axle weight (Class 9 vehicle) versus frequency for Site # 168 .................... 68 
ix 
 
Figure 4.10: Steering axle weight (Class 9 vehicle) versus frequency for Site # 67 .................... 69 
Figure 4.11: Steering axle weight (Class 9 vehicle) versus frequency for Site # 53 .................... 69 
Figure 4.12: Steering axle weight (Class 9 vehicle) versus frequency for Site # 11 .................... 70 
Figure 4.13: Steering axle weight (Class 9 vehicle) versus frequency for Site # 49 .................... 70 
Figure 4.14: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 67 .......... 71 
Figure 4.15: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 107 ........ 71 
Figure 4.16: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 30 .......... 72 
Figure 4.17: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 20 .......... 72 
Figure 4.18: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 157 ........ 73 
Figure 4.19: Example for sum of squared differences method ..................................................... 74 
Figure 4.20: Single axle load spectra for sites having dominant class 9 vehicles ........................ 75 
Figure 4.21: Group 1 single axle load spectra for class 9 ............................................................. 76 
Figure 4.22: Vehicle class distribution for Group 1 ..................................................................... 77 
Figure 4.23: Group 2 single axle load spectra for class 9 ............................................................. 77 
Figure 4.24: Vehicle class distribution for Group 2 ..................................................................... 77 
Figure 5.1: Vehicle Class Distribution for Functional Class 1 ..................................................... 82 
Figure 5.2: Vehicle Class Distribution for Functional Class 2 ..................................................... 83 
Figure 5.3: Vehicle Class Distribution for Functional Class 6 ..................................................... 83 
Figure 5.4: Vehicle Class Distribution for TTC 1 ........................................................................ 88 
Figure 5.5: Vehicle Class Distribution for TTC 3 ........................................................................ 89 
Figure 5.6: Single axles per vehicle class for TTC 1 .................................................................... 90 
Figure 5.7: Single axle load spectrum for combined vehicle classes for TTC 1 .......................... 91 
Figure 5.8: Single axle load spectrum for vehicle class 8 for TTC 1 ........................................... 91 
x 
 
Figure 5.9: Single axle load spectrum for vehicle class 9 for TTC 1 ........................................... 91 
Figure 5.10: Single axles per vehicle class for TTC 3 .................................................................. 92 
Figure 5.11: Single axle load spectrum for combined vehicle classes for TTC 3 ........................ 92 
Figure 5.12: Single axle load spectrum for vehicle class 8 for TTC 3 ......................................... 92 
Figure 5.13: Single axle load spectrum for vehicle class 9 for TTC 3 ......................................... 93 
Figure 5.14: Single axle load spectrum for vehicle class 9 for TTC groups ................................ 94 
Figure 5.15: Single axle load spectrum for vehicle class 5 for TTC groups ................................ 94 
Figure 5.16: Tandem axles per vehicle class for TTC 1 ............................................................... 95 
Figure 5.17: Tandem axle load spectrum for combined vehicle classes for TTC 1 ..................... 96 
Figure 5.18: Tandem axle load spectrum for vehicle class 9 for TTC 1 ...................................... 96 
Figure 5.19: Tandem axle load spectrum for vehicle class 9 for TTC groups .............................. 97 
Figure 5.20: Tridem axles per vehicle class for TTC 1 ................................................................ 98 
Figure 5.21: Tridem axle load spectrum for combined vehicle classes for TTC 1 ....................... 98 
Figure 5.22: Tridem axle load spectrum for vehicle class 10 for TTC 1 ...................................... 99 





For pavement design practices, several factors must be considered to ensure good performance of 
the pavement over the anticipated life cycle.  Such factors include, but are not limited to, the type 
of paving materials, traffic loading characteristics, prevailing environmental conditions, and 
others.  Traditional pavement design practices have followed the standards set by the American 
Society of State Highway and Transportation Officials (AASHTO) which require the use of an 
equivalent single axle load (ESAL - 18 kip single axle load) for design traffic input.  Recently, a 
new mechanistic-empirical pavement design guide (MEPDG) was developed to improve 
pavement design practices.  The guide requires the use of truck axle load spectra rather than 
ESAL and raises the need to improve the utilization of existing traffic data sources.  The axle 
load spectra method is different from ESAL in that traffic loading is expressed by the number of 
load applications of various axle configurations (single, dual, tridem, and quad) within a given 
weight classification range.  This research study is conducted for LA DOTD to address the traffic 
data needs and requirements associated with the adoption of the new pavement design guide.  
This was achieved by reviewing the current practices of the traffic data collection process 
adopted by LA DOTD, and by reviewing the existing and proposed traffic data collection 
procedures followed by other states considering requirements specified in MEPDG.  These plans 
describe the process to estimate the number of WIM stations needed within this state and locate 
the WIM stations in the appropriate truck route.  Two alternative plans have been recommended 
that could be adopted by LADOTD for traffic data collection process.  Axle weight data from 
2003 through 2006 from portable WIM stations is used for developing axle load spectra required 





1.1 BACKGROUND AND PROBLEM STATEMENT 
For pavement design practices, several factors must be considered to ensure good performance of 
the pavement over the anticipated life cycle.  Such factors include, but are not limited to, the type 
of paving materials, traffic loading characteristics, prevailing environmental conditions, and 
others.  Current pavement design practices follow the standards set by the American Society of 
State Highway and Transportation Officials (AASHTO) which require the use of an Equivalent 
Single Axle Load (ESAL - 18 kip single axle load) for design traffic input.  Since ESALs are 
affected by pavement type (flexible or rigid), surface thickness, and type of distress or failure, 
roadways with fairly constant loads and traffic volumes may produce significantly varying 
ESALs because of the interaction of these factors.  This is likely to produce inaccurate 
predictions of pavement performance.  Moreover, current design procedures rely on empirical 
relationships that were developed more than 40 years ago and may not be accurate for current 
practices due to changes in vehicle characteristics and configurations. 
 To improve pavement design and analysis procedures, a study was completed for the 
National Cooperative Highway Research Program (NCHRP), Project 1-37A, to develop a new 
Mechanistic-Empirical Pavement Design Guide (MEPDG) for both new and rehabilitated 
pavement structures.  The study emphasized the importance of using truck axle load spectra 
rather than ESAL for future pavement design practices.  This raises the need for full 
understanding of the characteristics of truck load spectra and the relationship to historical values 
of ESAL being used in current practices.  There is also a need to improve the utilization of 
existing traffic data for future implementation of MEPDG, as well as current pavement design 
practices, and prepare for the transition from current use of ESAL to axle load spectra.  Axle 
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load spectra is different from ESAL in that traffic loading is expressed by the number of load 
applications of various axle configurations (single, dual, tridem, and quad) within a given weight 
classification range.  In other words, the axle load spectra represent the percentage of the total 
axle applications within each load interval for single, tandem, tridem, and quad axles with the 
vehicle classification and numbers.  MEPDG also requires additional traffic data that may or 
may not be readily available. 
 According to the new pavement design guide, traffic data is one of the most critical 
inputs for pavement design, and is often associated with the highest level of uncertainty.  
Currently, state highway officials collect traffic data from various sources such as static weight 
station, automatic vehicles classifiers, Weigh-in-Motion (WIM) sensors and others.  This 
research study is conducted for the Louisiana Department of Transportation and Development 
(DOTD) in order to address the traffic data needs and requirements associated with the adoption 
of the new pavement design guide.  More specifically, this study seeks to develop the truck axle 
load spectra based on the data currently collected in the state of Louisiana and to propose 
improvements to the existing traffic data collection techniques as necessary. 
1.2 STUDY OBJECTIVES 
This study primarily addresses the current traffic characterization techniques used in Louisiana 
for pavement design practices in order to identify critical changes needed, as well as certain gaps 
and areas of potential development, in the traffic monitoring process statewide.  In addition, the 
study aims to develop Louisiana’s traffic load spectra from the available truck traffic data 
sources (e.g. WIM stations) and to establish Louisiana’s Load Equivalency Factor (LEF) Tables.  
The traffic load spectra and LEF tables are required for the current pavement design guide and 
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possible future implementation of the new pavement design guide.  More specifically, the study 
will accomplish the following research objectives: 
1. Review thoroughly the current practices adopted by the state of Louisiana on traffic data 
collection within the scope of this study. 
2. Develop a strategic plan for traffic data monitoring program 
3. Assess the quality of Louisiana’s traffic data and eliminate outliers, if any. 
4. Estimate the traffic load spectra in Louisiana using the available traffic data. 
5. Make recommendations on future implementation of the M-E Pavement Design Guide in 




2. LITERATURE REVIEW 
Since the start of the study, several published research reports and journal manuscripts related to 
the new MEPDG implementation and its requirements, data collection procedures, evaluation of 
data, and WIM stations and equipment have been compiled.  This report presents a summary of 
the literature reviewed to date. 
2.1 AASHTO PAVEMENT DESIGN GUIDE 
AASHTO's Guide for the Design of Pavement Structures is the primary document currently used 
to design new and rehabilitated highway pavements.  It was based on empirical design 
approaches derived from the AASHO Road Test that included limited structural sections at one 
location, and with limited traffic levels compared with those of the present day (1).  For the past 
four decades, pavement designers have faced the challenge of adequately applying well-
recognized design procedures such as the AASHTO guidelines to the conditions of roadway 
networks (2). The problem facing pavement design and analysis professionals is that the majority 
of currently accepted design procedures depend on empirical relationships that were developed 
from field measurements over 40 years ago.  In fact, AASHTO pavement design guide is based 
on relationships developed at the American Association of State Highway Officials (AASHO) 
Road Test in the late 1950s and early 1960s.  While the relationships between traffic data and 
pavement performance obtained from the AASHO Road Test are most applicable to the 
conditions under which they were developed, the relationships have also been extrapolated to 
conditions not included in the original test.  Furthermore, pavement damage caused by new 
vehicle characteristics and configurations may differ from damage experienced at the AASHO 
Road Test.  Therefore, application of such relationships to extrapolated conditions may lead to 
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inaccurate results.  The following are some of the limitations caused by the experimental nature 
of the AASHO road test according to the highway research board (2): 
1. The experiments tested specific pavement materials and roadbed soils that were not 
inclusive of all materials used in practice. 
2. The test site experienced particular environmental conditions not representative of 
conditions in all regions. 
3. An accelerated two-year test period was extrapolated to longer design periods (15-30 
years). 
4. Vehicles with similar axle loads and configurations were employed, as opposed to mixed 
traffic. 
 To provide more representative estimates of loading conditions, state highway agencies 
(SHA’s) normally collect several types of traffic data.  Static weight stations, automatic vehicle 
classifiers (AVC), automatic traffic recorders (ATR), and more recently weigh-in-motion (WIM) 
sensors are the most typical traffic data collection devices.  A common practice of SHAs is to use 
the information provided by these devices to convert mixed traffic data streams into equivalent 
single axle loads (ESALs) by using equivalency factors (2). 
2.1.1 Equivalent Single Axle Loads (ESAL) 
ESAL is the number and weight of all axle loads from the vehicles expected during the pavement 
design life expressed in 18-KIP.  ESALs are a traffic estimate that is required by most pavement 
design procedures, including the American Association of State Highway and Transportation 
Officials (AASHTO) 1993 Pavement Design Guide.  Current ESAL doesn’t differentiate the 
loads applied to the pavement, and therefore, may produce inaccurate predictions of pavement 
performance.  Moreover, ESALs are influenced by pavement type (flexible or rigid), surface 
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thickness, and type of distress or failure (2).  Consequently, even roadways with fairly constant 
loads and traffic volumes may produce significantly varying ESALs along their lengths, 
depending on the interaction of these factors.  Hence, some researchers have concluded that the 
use of ESALs with mechanistic-based performance models produces less than desirable 
predictions and have recommended the use of axle load and vehicle classification data instead 
(2).   
 In a study by Washington State, examination and analysis of historical ESAL’s from 
1960-1983 data showed that: (1) ESALs increased slightly throughout the years; (2) the 
increment in ESAL’s varied per vehicle class; (3) the increment in ESAL’s for the primary 
vehicle classes (i.e. classes 5, 9, 10, and multi trailers) on rural Interstate roadways appeared 
similar; (4) and the increment in ESAL rates for the primary vehicle classes on urban Interstate 
roadways was more variable.  Likewise, when the analysis was done for the 1993 WIM data, 
ESALs for vehicle classes 4 through 7 were consistent throughout the year, but changed for the 
remaining vehicle classes in some months or seasons (2). 
2.1.2 Load Equivalency Factors (LEF) 
A Load Equivalency Factor (LEF) represents the equivalent number of ESALs for the given 
weight-axle combination.  In other words, LEF is the ratio of the effect of a specific axle load on 
pavement serviceability to the effect produced by an 18-KIP axle load at the AASHO road test.  
In the past, as per AASHTO procedures, LEF and ESAL’s were the most important aspects 
which were considered for design purposes.  In a study conducted by Martinez, Louisiana’s LEF 
tables were revised based on WIM data from 1997 through 1999.  However, the study 
recommended that in the future it would be more economical to apply new practices than to 
revise the Louisiana’s LEF tables periodically (3). 
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2.2 MECHANISTIC-EMPIRICAL PAVEMENT DESIGN GUIDE 
To improve pavement design and analysis procedures, a study was conducted under National 
Cooperative Highway Research Program (NCHRP) Project 1-37A and a new Mechanistic-
Empirical pavement design guide (MEPDG) was developed for new and rehabilitated pavement 
structures.  Because mechanistic approaches more realistically characterize in-service 
pavements, and thus, improve the reliability of designs, design approaches that are based on 
mechanistic principles are more desirable.  However, because of gaps that exist in the knowledge 
base, mechanistic design methods need to be supported by empirical relationships, and many of 
the issues related to the MEPDG approach need to be better defined before practical and realistic 
design procedures can be developed and put into use.   
 The new design guide is based on a thorough review of the relevant domestic and 
overseas literature, research findings, current practices, and databases relative to pavement 
analysis and design.  The new guide provides a uniform basis for the design of flexible, rigid, 
and composite pavements and employs common design parameters for traffic, subgrade, and 
environment.  The NCHRP report also produced supporting software to aid in the 
implementation of the new pavement design procedure, along with related documentation and 
training materials. 
2.2.1 Need for Mechanistic-Empirical Pavement Design Guide 
Although AASHTO guide for the design of pavement structures has been adequate for many 
years, there have been several limitations that necessitated the use of new practices to make the 
design procedure more effective and economical.  According to the new MEPDG, there has been 
a substantial increase in the truck traffic volume (about 10 to 20 times more) since the 1960s (1).  
Therefore, pavement design would not be accurate if traffic loading deficiencies have not been 
8 
 
adequately and explicitly addressed.  Another design deficiency is attributed to overlooking the 
effect of different climatic conditions on pavement surfaces, which in turn affects the pavement 
performance and reliability.  These climatic effects have been taken into account in MEPDG.  
Similarly, there have been certain deficiencies in AASHTO’s design procedures (e.g. subgrade, 
surfacing materials, base course, truck characterization, drainage, design life and performance) 
that MEPDG have completely addressed. 
2.2.2 Traffic Input for Pavement Design 
Traffic data is a key element for the design and analysis of pavement structures.  According to 
the new design guide, additional input for traffic characterization is required.  Chapter 4 of the 
final report of MEPDG includes detailed information on the traffic data requirements (1).  More 
specifically, this chapter discusses the traffic design inputs that are required for estimating the 
loads applied to the pavement and the frequency of their application throughout the pavement 
design life.  The following are the main traffic data elements required for pavement design 
purposes as defined by the MEPDG: 
• Axle load distribution factors: The axle load distribution factors simply represent the 
percentage of the total axle application within each load interval for a specific axle type 
and vehicle class. 
• Truck growth factors: The truck growth factor represents the estimated future truck traffic 
volumes at a particular age of the pavement. 
• Vehicle (truck) class distribution: Normalized vehicle class distribution represents the 




• Base year truck-traffic volume: The base year for the traffic inputs is defined as the first 
year that the roadway segment under design is opened to traffic.  The following base year 
information is required: two-way annual average daily truck traffic, number of lanes in 
the design direction, percent trucks in design direction (also called truck directional 
distribution factor), percent trucks in design lane (also called truck lane distribution 
factor), and vehicle operational speed. 
• Axle and wheel base configurations: These are the data elements that describe the typical 
tire, axle loads, and vehicle wheelbase that would be applied to the roadway for 
computing pavement response.  These can be obtained directly from manufacturer’s 
databases or measured directly in the field. 
• Tire characteristics and inflation pressure: These are important inputs in the performance 
prediction models.  MEPDG specified certain values for dimensions and pressures, as 
well as the default values to be used in the accompanied software. 
2.2.3 Hierarchical Traffic Input for MEPDG 
Axle load distribution factors, vehicle class distribution factors, and truck growth factors are 
primarily required by the new design guide for pavement design and performance.  It is 
recognized that some agencies may not have the resources needed to collect detailed traffic data 
over the years to accurately characterize future traffic.  Hence, a hierarchical approach was 
adopted for developing the traffic inputs required for new and rehabilitated pavement design.  
The design guide defines three broad levels of traffic data input (levels 1 through 3) based on the 




• Level 1 is most accurate and provides the greatest reliability.  It requires extensive traffic 
knowledge in terms of accurate site specific or near site specific axle load spectra, 
classification, and volume data, along with the breakdown by lane and direction. 
• Level 2 is the transitional design input level and requires considerable traffic data.  This 
requires vehicle classification and volume data, while the vehicle weights are taken from 
regional weight summaries maintained by each state. 
• Level 3 is the least accurate input level and requires only an estimate of the truck volume.  
This level starts from AADT and percent trucks with no site specific knowledge of the 
weights and classification.  This leads to the utilization of the national/default summaries 
generated through LTTP sites throughout the nation. 
 
Figure 2.1: Traffic data required for each of the three hierarchical input levels  
(Source: NHCRP Report 1-37A) (1) 
2.2.4 Axle Load Spectra 
Axle load spectra classify traffic loading in terms of the number of load applications of various 
axle configurations (single, dual, tridem, and quad) within a given weight classification range.  
For the load spectra, axle load distribution factors should be determined to represent the 
percentage of total axle applications within each load interval for a specific axle type (single, 
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tandem, tridem, and quad) and vehicle class (classes 4 to 13).  The load intervals for each axle 
type are defined as follows: single axles (3,000 lb to 40,000 lb at 1.000-lb intervals), tandem 
axles (6,000 lb to 80,000 lb at 2,000-lb intervals), and tridem and quad axles (12,000 lb to 
102,000 lb at 3,000-lb intervals) (1).   
 
Figure 2.2: Traffic data required for each of the three hierarchical input levels  
(Source: NHCRP Report 1-37A) (1) 
 In a research conducted by University of Washington in March 2005, a process to 
calculate the axle load spectra was developed for Washington State following the MEPDG 
procedures.  First, the traffic data from the WSDOT Traffic Data Office (TDO) was obtained for 
the period from January 2000 through April 2003.  The stations with unusable data were noted.  
The traffic data from each station was evaluated to determine the accuracy based on information 
gathered from the Traffic Monitoring Guide (TMG 2001), the California Department of 
Transportation (Caltrans) 2002), and the Washington State Transportation Center (TRAC).  
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Second, the weight of the steering axle for Class 9 vehicles versus frequency or average steering 
axle weights throughout the year was plotted to check the consistency of the weight data.  Then, 
the raw data was collected and analyzed with Microsoft access.  Out of 52 WIM stations, only 11 
sites passed through the evaluation process.  The selected stations were evaluated to determine 
whether the traffic trends of vehicle classes 4 through 13 were similar and whether the stations 
had the following loading patterns: (1) seasonal loading pattern (i.e., average ESALs per axle for 
single, tandem and tridem axles); and (2) typical axle load spectra for single, tandem, and tridem 
axles.  Finally, the seasonal and typical ESALs per axle for each vehicle class were developed to 
compare with the current ESALs.  The typical load spectra that satisfy the requirements of the 
2002 design guide were also developed. 
 In a study conducted by Mississippi State University, axle load spectra for each year of 
the available monitoring data were analyzed, and then averaged to determine base annual axle 
load spectra for single, tandem, tridem axles for each vehicle class for the Mississippi LTPP 
sites.  In this study, the development of axle load spectra for a given roadway required WIM data 
consisting of axle distribution and weight data.  Each site had a minimum of several years of 
WIM data available for analysis.  For each vehicle class, WIM data was reviewed and the 
numbers of single, tandem, tridem, and quandem axles was determined.  In both studies, the 
procedure described for estimating truck axle load spectra in MEPDG was adopted. 
2.2.5 Growth Factors 
Traffic growth factors require continuous traffic count data at specific sites over several years in 
order to capture the actual growth trend in traffic demand.  When only shorter-duration counts 
are available, less reliable estimates of growth factors can be obtained from AADTT values.  
Since no single procedure is best in all cases for estimating traffic growth factors, it is 
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recommended that all tools and data available be used to examine traffic growth from all 
perspectives for each given site and to develop a number of growth factors from which 
appropriate estimates may be derived.  Three different traffic growth functions recommended by 
MEPDG are shown in Table 2.1.  These procedures will be employed for estimating the growth 
factors in Louisiana using, as much as possible, existing data. 
Table 2.1: Functions used to forecast truck traffic  
(Source: NHCRP Report 1-37A) (1)  
Function Description Model 
No growth AADTTx = 1.0 * AADTTBY 
Linear growth AADTTx = GR * AGE + AADTTBY 




• AADTTX is the annual average daily truck traffic at age X,  
• GR is the traffic growth rate, and  
• AADTTBY is the base year annual average daily truck traffic. 
2.2.6 MEPDG Software 
This software was developed for pavement design and analysis of new and rehabilitated 
pavement structures.  According to MEPDG, extensive effort was expended to make the 
software user-friendly and to minimize potential input errors.  This was accomplished using 
carefully selected default values and recommended and absolute ranges for each input.   Another 
important aspect of the software is the improvements that can be made over time in a piecewise 
manner to any of the components (distresses, IRI, Climatic, traffic, materials, and structural 
responses) and incorporated into the procedure for recalibration.  This software also includes 
climatic modeling, design reliability, calibration- validation of prediction models for levels 1, 2 
and 3 inputs (1). 
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2.3 CLASSIFICATION OF TRAFFIC DATA BY TYPE 
Three types of traffic data are typically collected for pavement design and analysis.  A brief 
description of each type is presented next. 
2.3.1 Traffic Volume 
Traffic volume counts provide the most commonly employed measure of roadway usage and are 
needed for the majority of traffic engineering analyses.  Two important measures used for design 
of a statewide traffic volume monitoring are the Annual Average Daily Traffic (AADT) and the 
average Daily Vehicle Distance Traveled (DVDT).  These counts can be continuous, seasonal, or 
short duration.  Continuous counts are taken 365 days a year and are the most consistent and 
accurate types of vehicle count data.  Seasonal or control counts are performed usually from 2 to 
12 times a year for periods of time ranging from 24 hours to 2 weeks.  Short duration or coverage 
counts typically range from 6 hours to 7 days.  It should be noted that the average annual daily 
truck traffic is needed for the base year for levels 1, 2 and 3.  For level 3 inputs, where traffic 
measurements are unavailable for the roadway, these values can be estimated from traffic studies 
of similar highways or representative regional averages. 
2.3.2 Vehicle Classification 
Vehicle classification data includes the number and types of vehicles over a period of time.  
Classification is required to determine the normalized truck class distribution all over the state 
with respect to functional class.  Classification data can be broken down by level based on the 
data source (site-specific, regional/statewide, or national).  Vehicle classification counting can be 
of short or continuous duration.  The Federal Highway Administration (FHWA) has developed 





Figure 2.3: FHWA Vehicle Classifications  
(Source: NHCRP Report 1-37A) (1) 
2.3.3 Axle Configuration and Weight Data 
Traffic loading is a critical factor in determining the depth of pavement sections.  Therefore, 
truck axle weights are significant for the data collection process.  This process is the most 
expensive, time consuming and complex part compared to other data collection activities.  The 
objective of the truck weight data collection program is to obtain a reliable estimate of the 
distribution of vehicle and axle loads per vehicle for truck categories within defined roadway.  
Axle weight of trucks is measured with reference to the vehicle type, number and axle spacing 
over a period of time.  This is used mainly to determine the normalized axle load distribution or 
Class 6 Class 7 
Class 8 
Class 9 
Class 10 Class 11 





spectra for each axle type and each truck class.  The data is particularly measured at weigh-in-
motion stations. 
2.4 WEIGH-IN-MOTION (WIM) STATIONS 
Traffic loading is a primary factor determining the depth of pavement sections.  There has been 
certain change in truck volumes on interstate highways and a shift in truck population to heavier 
and larger types from one decade to another.  Truck weight data are collected through WIM 
stations primarily to describe the current traffic stream crossing the design lane for a project and 
to serve as a baseline upon which to forecast the future traffic stream.  There is a need for 
enhanced weight monitoring equipment as the axle load weights are directly associated to 
damaging effects on the roadway system. 
 The need for effective monitoring of axle weights has also demonstrated in many studies.  
One of the recent studies is the Traffic Monitoring Guide (TMG) published by FHWA (2001).  
This guide offers suggestions to improve and advance current programs with a view towards the 
future of traffic monitoring.  The objective of the program was to ensure that each state collects 
accurate truck weight data to meet agency needs (4).  Another related work includes NHCRP 
report 509 “Equipment for Collecting Traffic Load Data” published by Mark Hallenbeck and 
Herbert Weinblatt in 2004.  This study addresses the key issues and information needed by state 
or other highway operating agencies to select and operate the equipment and collect data on their 
axle weights (5).  The data collected by this equipment are specifically required by the 
mechanistic-empirical pavement design procedures developed under NCHRP Project 1-37A.  
The findings related to WIM stations at the University of Washington in 2005 and Mississippi 
State University in 2004 has also been included.   
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2.4.1 Portable WIM Stations 
Two technologies, capacitance mats and Brass Linguini (BL)-style piezoelectric sensors, are 
commonly used in United States for high-speed (i.e., on-highway) portable WIM data collection 
(5).  Both technologies involve mounting a sensor on top of existing pavement.  These actions 
require a temporary lane closure and often work by more than one person.  Because the sensor is 
physically mounted on top of roadway surface, a bump is created as the tire of each axle passes 
the weight sensor.  This bump causes two physical effects, each of which is detrimental to WIM 
system accuracy.  The first effect is the additional dynamic motion imparted on the vehicle being 
weighed.  This motion makes it much harder for the WIM system to accurately estimate the 
static weight applied by each axle.  The second physical effect is that the need to climb over this 
bump causes the tire itself to flex, absorbing some of the horizontal force from impact with the 
bump.  This tire flex force is transmitted to the weight sensor, causing additional bias and noise 
in the measurement process (5). 
 Portable WIM rarely achieves the same level of accuracy as a correctly placed permanent 
scale.  This does not mean that weights collected using portable scales are not useful in the traffic 
load estimation process.  Highway agencies must be particularly careful to calibrate portable 
scales each time they are placed on the roadway and to monitor the data produced after scales 
have been calibrated to ensure that the system is producing reliable results.  This type of site is 
less costly to operate than a continuously operated WIM site (because one set of data collection 
electronics is used for several data collection sites and also because permanent power and 
communications are not needed, and therefore do not need to be constructed). 
 According to TMG, WIM sites should be monitored for no less than 24 consecutive hours 
to account for time-of-day differences in vehicle weights.  Data collection sessions of longer than 
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24 hours are encouraged whenever practical.  In particular, when in ground weight sensors are 
being used and the data collection electronics can be safely left to operate without on-site staff, a 
minimum of one-week counts are recommended at all measurement locations that are not being 
operated continuously (4).  If the weight data collection period is only 24 or 48-hours long, it 
assumes that there is no day-of-week difference in the loading condition of trucks passing the 
site.  In other words, trucks traveling on weekends carry the same distribution of payloads as 
trucks traveling on weekdays.  In addition, it is presumed that there are no seasonal differences in 
truck loading patterns (4). 
2.4.2 Permanent WIM Stations 
The original intent of most continuous monitoring efforts is to understand seasonal, weekly, and 
yearly traffic volume patterns to help improve the accuracy of traffic estimates used in a variety 
of analyses.  Because of the physical problems of portable equipment, the majority of research 
and development in WIM has been done for permanently installed weight sensors.  Five 
technologies are currently in use throughout the United States.  The most common permanently 
mounted weight sensors are bending plates, hydraulic load cells, piezoceramic cables, 
piezopolymer cables, and piezoquartz sensors.  All of the systems are designed to have sensors 
permanently installed in or under the roadway.  This results in less dynamic vehicle motion and 
less impact force on sensors than for surface-mounted sensors, which  results in more accurate 
weighing conditions and longer sensor life (5). 
 The permanent installation of the sensors and frames is normally better for consistent and 
accurate weighing measurements.  The use of permanently installed WIM sensors is 
recommended by TMG as a means of improving the quality of the data.  TMG also recommends 
that, vehicle weights within each truck weight group (defined as the group that consist State’s 
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roads into categories and each group experiences traffic with reasonably similar characteristics) 
should be measured by a number of WIM sites located within the truck group.  For most truck 
weight roadway groups, a minimum of six sites should be monitored.  At least one of the WIM 
sites within each group should operate continuously throughout the year to measure temporal 
changes in the loads carried by trucks operating on those roads (4).  Where possible, more 
locations within each group should be monitored continuously to provide more reliable measure 
of seasonal change.  The summary of strengths and weaknesses of the permanent and portable 
WIM stations are described in Table 2.2.  
2.5 DATA COLLECTION PROCEDURES BY OTHER STATES 
In a study by the University of Washington, the main objectives were to develop axle load 
spectra for improved M-EPDG and to determine whether ESAL obtained from the developed 
load spectra significantly differed from historical values.  Prior to this study in the late 1980s, 
WSDOT participated in four programs, namely, the Heavy Vehicle Electronic License Plate 
project (HELP), the Strategic Highway Research Program (SHRP), the Traffic Monitoring Guide 
(TMG), and the Data Rationalization Study (2).  These programs primarily helped in increasing 
the use of WIM for data collection process.  Truck data can vary from one geographic location to 
other, and also daily, weekly, seasonally, and yearly.  Therefore, it was stated that the variability 
in the truck traffic data should be measured in order to accurately estimate the loading on the 
pavement. 
 For WIM sites, it was said in the Washington study that the combination of statistics and 
professional judgment was required to design the short and long-term data collection systems (2).  
In the late 1990’s, the subsequent steps were recommended from their study to begin locating 
their data collection sites.   
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Table 2.2: Summary of strengths and weaknesses of the permanent and portable WIM 
stations 
Permanent WIM station 
(Strengths) 
Portable WIM station 
(Weaknesses) 
1.Permanent WIM is normally better for 
consistent and accurate weighing results. 
1.Portable WIM rarely achieves the same level of 
accuracy as a correctly placed permanent scale. 
2.The use of permanently installed WIM 
sensors is recommended by TMG as a 
means of improving the quality of the data. 
2.There is a definite bias in the measurement of 
traffic data by short duration counts. 
3.The original intent of most continuous 
monitoring efforts is to understand 
seasonal, weekly, and hourly traffic 
volume patterns 
3.In this, Seasonal adjustment is needed and may be 
inaccurate for design purposes. 
4.This has longer sensor life. 4.This has very less sensor life. 
5.There is no adequacy by collecting traffic 
data from these sources. 
5.There will a certain adequacy when the traffic 
data is analyzed. 
6.This results in less dynamic vehicle motion 
and less impact force on sensors than for 
surface-mounted sensors. 
6.As these are surface mounted sensors, there will 
be large dynamic vehicle motion and impact force 
during the traffic count. 
7.These are not as temperature sensitive as 
the portable ones, but have to be taken care 
for intrusion of moisture from below. 
7.Sensors are temperature sensitive, making it 
difficult to keep them in calibration when 
temperature changes during the day. 
Permanent WIM station 
(Weaknesses) 
Portable WIM station 
(Strengths) 
1.Permanent counters are expensive to 
install, operate, and maintain. 
1.This type of site is less costly to operate than a 
continuously operated WIM site. 
2.As states cannot afford a large number of 
these sites, this cannot provide the 
geographic coverage and traffic 
characteristics of individual roadways. 
2.The short duration counts provide the geographic 
coverage needed to understand traffic 
characteristics on individual roadways, as well as 
on specific segments of those roadways 
3.These devices are not flexible and cannot 
cover the specific location of interest. 




These are identical to the course of action defined by TMG to start the data collection process in 
order to identify the number of WIM sites required within a state. 
• Create a group of roadways: This was obtained by dividing the state roadways into 
different groups which encompassed similar trucking characteristics.  It was mentioned 
that the need of data collection points would be fewer if the roadway groups are similar in 
nature to estimate the mean population statistics. 
• Determine the homogeneity of groups: This was accomplished by plotting the daily mean 
ESAL for the most dominant trucks (e.g., class 9 vehicles) over time, and by comparing 
the plots from different sites within each group.  Differences between weekdays and 
weekends, along with variations throughout the year, were also to be evaluated. 
• Determine the number of required sites: It was mentioned that the equation below may be 
utilized to determine the number of required sites within each truck weight road group; 




n = the number of required sites 
t = the Student’s t-statistic for n-1 degrees of freedom 
COV = the coefficient of variation for the mean ESAL per truck within the sample, and 
d = the desired precision or allowable error expressed as a fraction of the mean ESAL    
per truck 
 In this study, the research was primarily done on the WIM data from 2000 to 2003 at 
different stations throughout Washington State.  All the WIM stations sensors were recalibrated 
as it is was observed that the surrounding states around Washington encompassed heavier loads 
before 2000.  It was stated that the Washington State Department of Transportation (WSDOT) 
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had confidence in the data collected from 2000 onwards.  There were 23 SHRP/LTPP and 29 
WSDOT WIM stations throughout Washington State (2).  Apart from this, 600 vehicle count 
sites measuring 72 hours traffic data were performed yearly within the state and also various 
permanent and non-permanent vehicle classifiers and traffic recorders were located. 
 Piezoelectric cables were the WIM sensors primarily used throughout Washington State 
(2).  These sensors were observed to be sensitive to environmental freezing conditions and also 
to heavy loading conditions particularly on thin pavements.  In WSDOT, it was seen that 
properly installed and calibrated piezoelectric WIM system was expected to provide GVW’s 
within 15 percent of the actual vehicle weight for 95 percent of the measured trucks.  Bending 
plate system was expected to last for six years and also provide gross vehicle weights within 10 
percent of actual vehicle weight for 95 percent of the measured trucks.  It was mentioned that 
load cell equipment being the most expensive was balanced by the device’s reliability.  It is 
expected to provide gross vehicle weights within 6 percent of actual vehicle weights for 95 
percent of measured trucks. 
 The approximate cost to install one lane with a piezoelectric system was found to be 
$9,000.  It was mentioned that the system would have a life span of 4 years.  The installation and 
yearly maintenance costs for bending plate were found significantly greater than that of 
piezoelectric sensors.  The approximate cost for a bending plate sensor lane was found to be 
$21,500.  The single load cell was found to be the most expensive sensor of all three commonly 
used WIM devices.  The approximate cost for a fully installed single load cell lane was $48,700, 
including a mandatory service after six years.  Its expected life was stated to be 12 years (2). 
 The evaluation process was done on the traffic data based on the procedures from TMG, 
the California Department of Transportation (Caltrans), and the Washington State Transportation 
23 
 
Center (TRAC).  To begin with, the Class 9 vehicles’ gross vehicle weight (GVW) versus 
frequency of trucks were plotted to produce an ideal plot.  The plot in Figure 2.4 exhibits two 
peaks at 30 to 35 and 75 to 80 kips which corresponds to an ideal plot.  This was carried out to 
check the two peaks that were expected to occur under fully loaded and unloaded conditions.  
The federal weight limit for loaded Class 9 vehicles is 80 kips and the empty Class 9 vehicles 
typically weigh about 28 to 35 kips (2).  
 
Figure 2.4: GVW (Class 9 vehicle) versus frequency for Station P04 (2000)  
(Source: Washington State Transportation Cente report) (2)  
 Secondly, the weight of the steering axle for Class 9 vehicles versus frequency 
throughout the year was plotted to check the consistency of the weight data.  The steering axle 
for Class 9 vehicles should have consistent weight ranging from 8,500 to 12,000 lbs and Figure 
2.5 shows an acceptable steering axle trend.  Out of 52 WIM stations located in Washington, 
only 11 sites passed through the evaluation process (2).  The data from these 11 sites which 
passed through the above mentioned tests were collected and analyzed to develop axle load 




Figure 2.5: Steering axle weight (Class 9 vehicle) versus frequency for Station P04(2000) 
(Source: Washington State Transportation Cente report) (2) 
 In a study by Mississippi State University, the primary objective of their research was to 
assist Mississippi Department of Transportation (MDOT) in developing load spectra and other 
traffic inputs for the new M-EPDG.  The research was primarily done on the WIM data from 
1992 through 1998 (6).  The study relied totally on the 22 Long Term Pavement Performance 
(LTPP) Mississippi site traffic data.  Table 2.3 provides detail of the 22 Mississippi LTPP sites 
with associated routes, location, and highway functional classification.  Among these 22 LTPP 
WIM sites, 14 are located on rural principal arterial-other, 5 on rural principal arterial interstate, 
2 on urban principal arterials, and 1 on urban principal interstate.  Table 2.4 illustrates the 
amount of traffic data monitored and available from each site.  This explains the traffic data 
monitored with respect to number of days and months for each year from 1992 through 1998 for 
each site.  Each Mississippi LTPP site monitored WIM data in addition to classification and 
volume data.  Traffic data files for volume, classification, and axle weight were typically 
formatted in accordance with the TMG to be used in analysis.  
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Table 2.3: Mississippi LTPP Traffic Sites  
(Source: Mississippi State University report) (6) 
 
 In a study by the University of Virginia, the main purpose of their research was to 
develop a plan to position Virginia Department of Transportation (VDOT) to collect traffic and 
truck axle weight data to support Level 2 pavement designs.  This plan was considered as the 
basis for implementing and maintaining the truck weigh program necessary for the new 
pavement design approach.  Virginia comprised 270 continuous volume count locations 
supported by approximately 17,000 short term coverage counts (7).  Truck axle weight data were 
collected at a relatively small number of locations designed to be representative of much larger 
groups of roads.  The reason for using few number of WIM sites was stated as the price of 
weight data collection being expensive and also the limitations observed in the available WIM 
equipment. 
 VDOT had extensive experience with piezoelectric sensor based on WIM systems for a 
10-year period beginning in 1990.  Piezoelectric sensors were installed at 13 locations for the 
collection of truck weight data to support LTPP.  It was noticed that piezoelectric output changed 
26 
 
greatly with temperature variance, pavement wear, roadway bending, site smoothness, vehicle 
tire type, air pressure, and piezoelectric sensor aging (7).  Temperature change was the single 
biggest issue that made the performance of piezoelectric sensor difficult to predict.  Several auto 
calibration methods were used in an attempt to resolve the temperature issue, but none was able 
to produce data results that consistently met the standards of the American Society of Testing 
and Materials (ASTM) and therefore it was stated that the portable WIM systems cannot provide 
reliable and accurate data.   
Table 2.4: Monitoring Data Summary  
(Source: Mississippi State University report) (6) 
 
 Currently, VDOT does not collect weight data.  This function is performed by the 
Virginia Department of Motor Vehicles (DMV) for weight enforcement purposes only.  DMV 
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has static weigh stations supplemented by WIM at some locations for screening trucks for static 
weighing.  Several other WIM systems are either planned, under construction, or non-functional.  
Although DMV does not store the WIM data generated at the weigh stations, they have provided 
VDOT access to some WIM data.  Therefore, VDOT may be able to use the DMV truck weight 
data in the short term and perhaps long term, depending on the quality of the data.  From the 
experiences of VDOT, it was stated that the only method to collect reliable, long-term truck 
weigh data is through the use of bending plate scales or single load cell WIM (7).  Understanding 
all the concerns, five tasks were undertaken to achieve the purpose of this study.  The plan 
included developing truck weight groups, developing the criteria for site selection, developing 
the site selection process, estimating the cost to implement the plan, and defining the benefits of 
implementing the traffic data plan.  
 The procedures in this state for forming the truck weight groups were adopted from 
TMG.  To do this, the team utilized the highway functional classifications traffic data.  The focus 
was mainly on the roads that had most of the truck traffic volumes.  Truck volumes on interstate 
and principal arterial roads were examined using the 2001 vehicle classification count data.  
Each direction of a route was analyzed.  Class 9 trucks were the predominant class and were used 
to represent truck traffic (7).  Upon the analysis, about 40 percent of the interstate and arterial 
road sites had less than 200 trucks on average per day.  Upon the consideration of other 60 
percent, a possible dividing point to form two truck weight groups was found to be 1,000 truck 
units per day (7).  The volumes were for one direction only.  The truck weight groups shown 
below were proposed: 
• Interstate and arterials with high truck volumes (1,000 or more tractor-trailers per   day) 
• Interstate and arterials with low truck volume (fewer than 1,000 tractor-trailers per day) 
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• Minor arterials and major collectors. 
 VDOT planned to use permanent WIM systems for continuous operations.  It was 
mentioned that the bending plates have been associated with safety issues on high-volume roads.  
The plate has a tendency to move out of its position in the pavement and create a hazard.  In a 
neighboring state to Virginia, a bending plate came out of the road one week after it was field 
inspected (7).  A bending plate weighs 200 to 400 lb compared to a load cell, which weighs 
4,500 lb and would not move from its position.  Considering all this, a load cell was preferred 
with respect to bending plate.  The bending plate was mentioned to be more economical for 
shorter-term data collection needs (5 years or less) (7).  The load cell being more expensive and 
durable was suggested for use in higher truck volume locations and also on sites where data were 
required for longer duration.  Therefore, Single load cell was recommended for Groups 1 and 2 
(interstate and principal arterials) which had the majority of the truck loading in the state.  For 
the minor arterials and major collectors within truck weight Group 3, six sites were required.  
These sites were not given the priorities and were anticipated to be part of future phases.  It was 
also assumed that a reliable portable WIM system would be available in the next 5 years and 
could be used for those sites (7).   
 The cost for installing the load cell and vehicle classification equipment for one lane was 
estimated to be $150,000 and the cost for building the concrete section for two lanes (based on a 
300-ft section of jointed concrete) was anticipated to be $230,000 (7).  Added to this, cost for 
vehicle classification equipment only for second lane was observed to be $10,000.  The total cost 
estimate to install load cell WIM and vehicle classification at five sites for truck weight Groups 1 
and 2 was $1.95 million and was expected that the installations would be phased over 5 years. 
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 The operating and maintenance costs were estimated based on the average annual costs 
for operating the WIM and vehicle classification systems for 5 years.  The total annual cost for 
operating and maintaining was calculated to be $23,000 (Load cell being $21,000 and vehicle 
classification being $2,000) (7).  It was also estimated that the cost for maintaining the bending 
plate system would be about the same as the costs for the load cell system.  It was assumed that 
by the end of year 1, two WIM sites would be installed; at the end of year 2, three; at the end of 
year 4, five; and at the end of year 5, seven (7).  To ensure proper program management, three 
employees were recommended that the state could recruit.  The annual cost for these three 
employees who would work on contract was estimated to be $150,000.  Approximately 7 more 
temporary contract employees were also recommended to perform the installation, maintenance 
and calibration functions. 
 By combining the initial, personnel, operating, and maintenance costs, the total cost to 
implement the program is shown in Table 2.5.  The annual cost increases from $509,000 to 
$701,000 over the 5-year period for truck weight Groups 1 and 2.  At the end of year 5, it was 
mentioned that the program would be evaluated to determine if these two truck weight groups 
were sufficient for the interstate and arterial systems (7). 
Table 2.5: Estimated Total Costs ($) for First Five Years of Program  
(Source: Cottrell, B. H. Jr., T. O. Schinkel, T. M. Clark, VDOT) (7) 
Costs Year 1 Year 2 Year 3 Year 4 Year 5 Total 
Installation 390,000 390,000 390,000 390,000 390,000 1,950,000 
Personnel 50,000 100,000 100,000 150,000 150,000 550,000 
Operating and Maintenance 69,000 92,000 115,000 138,000 161,000 575,000 
Total 509,000 582,000 605,000 678,000 701,000 3,075,000 
The magnitude of the potential savings was also illustrated.  It was stated that, if the 10% 
of more than 1000 miles paved annually could be reduced by 0.5” (10 percent of 1,000 miles 
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multiplied by $15,000 per mile), $1.5 million could be saved per year.  With 5 %, the potential 
savings would be $750,000 per year (7).  This does not include the benefits of not under-
designing a highway.  At 5 percent, it was stated that the potential benefit would exceed the cost 
of implementing the program for each of the first 5 years.  
 In a study by the University of Arkansas, the primary objective of their research was to 
develop statewide axle load spectra.  The study also included quality control evaluation of traffic 
data collected at the different WIM sites.  The traffic monitoring program in Arkansas is being 
conducted in accordance with the guidelines contained in the TMG.  Two traffic count programs 
were performed, namely, continuous count program, and short-duration count program.  The 
continuous count program included 79 automated traffic data collection sites.  Among the 79 
automated sites, 55 sites featured WIM technology, which were used to continuously collect 
traffic volume, vehicle classification and vehicle weight (8, 9).  All WIM sites in Arkansas used 
piezoelectric sensors and calibrated every three years.  The calibration was performed in 
accordance with the guidelines contained in the TMG.  For developing axle load spectra, 25 
WIM sites were selected, including 18 sites in rural areas and 7 sites in urban areas.  The traffic 
data from the 25 WIM sites were collected from 2003 through 2005.  Among the 25 sites, only 
10 stations provided WIM data suitable for the development of statewide axle load spectra.  For 
each of these ten stations, a minimum sample size of 270 days in each of three years from 2003 
through 2005 was available (8, 9). 
 The evaluation of WIM data before developing axle load distribution factors was 
performed.  These evaluation/quality control checks were performed on the traffic data collected 
at the calibrated WIM stations.  These checks were based on procedures recommended by the 
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LTPP and FHWA.  Initially, the evaluation of the Automatic Vehicle Classification (AVC) data 
was carried out in three steps as follows (8, 9).   
1. A comparison of the manual hourly classification counts and AVC data was done and 
verified to see the difference which had to be less than five percent for each of the 
primary vehicle categories. 
2. A check on the reported number of unclassified vehicles. If more than five percent of 
recorded vehicles were unclassified, it was said that the equipment may have axle sensing 
malfunctions that prevent the equipment from measuring all of the appropriate axle 
pulses. 
3. A comparison of the current truck percentages by class with the corresponding historical 
percentages was performed to determine if significant changes in vehicle had occurred. 
 Only WIM data collected in those months which had AVC data suitable for the 
development of traffic inputs were included in further evaluation process.  Upon the completion 
of AVC data check, the front axle and drive tandem weights of class 9 trucks were evaluated to 
eliminate the WIM sites that produced incorrect data.  It was mentioned that the front axle 
weight would be heavier when a truck is loaded and should be in a range of 8,000 and 12,000 lb 
(similar to Figure 2.5) (8, 9).  If most of the recorded front axle weights of class 9 trucks were 
out of this range, the WIM scale was checked.  The drive tandems of a fully loaded class 9 truck 
should be between 30,000 and 36,000 lb.  The gross vehicle weight distribution of class 9 trucks 
vs. frequency was also performed.  This step required a histogram plot of the gross vehicle 
weights of class 9 trucks using a 4,000-lb. increment.  The histogram plot should have two peaks 
for most sites. One represents unloaded class 9 trucks and should be between 28,000 and 36,000 
lb and the other for loaded class 9 trucks, the weight range from 72,000 to 80,000 lbs (similar to 
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Figure 2.4) (8, 9).  These limits were based on the extensive analyses of vehicle weight data in 
the LTPP database.  It was also stated that if both peaks shift from their expected location in the 
same direction, the scale was most likely out of calibration.  The state should then recalibrate that 
scale at that site and collect new data.  If a plot shows one peak correctly located but the other 
peak shifted from its expected location, the site should be reviewed for other potential scale 
problems (8, 9). 
 Statewide axle load spectra were compared to the default values.  Figure 2.6 shows the 
difference between statewide and default single axle load spectra for vehicle class 9 trucks.  It 
was stated that the distribution of loading was higher in the range between 8,000 lbs-12,000 lbs 
for the statewide single axle load spectra.  Figure 2.7 shows the difference between the statewide 
and default tandem axle load spectra for class 9 trucks.  From Figure 2.7 it was concluded that 
the peaks representing unloaded and loaded trucks on the statewide and default distribution 
curves were different. 
 
Figure 2.6: Arkansas statewide and default single axle load spectra for VC 9 




Figure 2.7: Arkansas statewide and default tandem axle load spectra for VC 9 
(Source: Tran, N. H. and K. D. Hall ) (9) 
 In a study done by the Texas Department of Transportation (TxDOT) (10) a systematic 
review of the statewide data collection systems was performed in 2002.  This was initially started 
with an evaluation of the WIM program and resulted in a strategic plan that outlined the varying 
needs for an expanded WIM program.  TxDOT used two types of WIM technology, namely, 
bending plate and piezoelectric.  In August 2002, TxDOT had 17 WIM data sites statewide.  
These sites covered 68 lanes of travel (5 bending plate sites covered 20 lanes, and 12 
piezoelectric sites covered 48 lanes) for use in federal reporting and pavement design.  Of the 17 
WIM sites, 16 were located in rural areas, and 11 of those were located on Interstates or 
freeways (10).  Upon the completion of the study, TxDOT had a goal of installing 133 new sites 
statewide across various roadway functional classifications.  A five year program schedule was 
set to complete the deployment of the 133 additional WIM data collection sites.  This plan 
included an estimate of WIM program costs, and expected operating and maintenance costs.  The 
estimated total cost for deploying 133 additional sites was estimated to be $32.6 million.  The 
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estimated annual operating and maintenance cost for the total 150 site system was $2.6 million.  
A breakdown of these costs is displayed in Table 2.6. 
 Truck weight group in the state of Texas was developed primarily using three variables, 
namely, geographic region, roadway functional classification, and similar truck volumes.  A 
review of 1999 functionally classified traffic data was made to examine, by functional class and 
by region, on-system centerline roadway mileage, total vehicle-miles traveled (VMT), and truck 
VMT (10). The result was 25 truck weight groups with 150 sites to meet TMG 
recommendations.  With 150 WIM sites recommended, additional 133 sites were required to be 
installed beyond the current 17 sites.  As of May 2004, twelve additional WIM data collection 
sites covering an additional 48 lanes of travel, located in rural locations with two located on the 
Interstate, were identified by TxDOT.  These were either installed, under construction, or were in 
design (10). 
Table 2.6: Estimated WIM Program Costs  
(Source: Neidigh, J. D. and J.A. Crawford, TxDOT) (10) 
PHASE ESTIMATED COST ($) 
Deployment 32,600,000 
Site Construction and Rehabilitation 24,000,000 
Equipment Purchase and Installation 8,400,000 
Other 200,000 
Annual Operating And Maintenance 2,600,000 
Office Staff and Program Management 500,000 
Power and Communications 100,000 
Sensor Replacement and Pavement Rehabilitation 1,000,000 
Calibration 900,000 
 In a study by the University of California, the main focus was on characterizing the truck 
traffic in California in terms of truck composition, volume, speed, and axle load spectrum to 
provide traffic inputs for the M-EPDG procedures.  For this study, WIM data were obtained from 
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Caltrans office of truck services for all WIM stations installed before 2001.  The WIM data were 
collected from 1991 to 2001 for the analysis through 98 WIM sites (11).  In some cases, two 
WIM stations were installed at the same highway site but in opposite travel directions.  
Therefore, the 98 WIM stations actually represented 72 WIM sites.  As of 2006, more than 110 
WIM stations were installed on the California highway system. 
 A preliminary analysis of data from a few WIM stations revealed a significant difference 
in traffic pattern between weekdays and weekends but little difference between weeks in the 
same month.  Therefore, it was decided to sample one week’s data from each month for each 
WIM station.  86 daily data files were sampled from each year for each WIM station and 0.7 
billion trucks were included in the analysis (11).  Care was taken to eliminate the erroneous 
records by some method (not mentioned), although all data sampled for analysis had passed the 
Caltrans routine validation check.  It was stated that the conventional way to form truck weight 
road groups was by categorizing highway sections into different groups carrying similar traffic 
characteristics.  The determination of grouping, however, was difficult because traffic streams on 
highways typically had vehicles with diverse origin- destination areas.  Therefore, a hierarchical 
cluster analysis was applied to group the variety of data into useful clusters.  The distance 
between each pair of clusters was calculated by average linkage method (11).  Several traffic 
data distribution factors such as truck volume including hourly and monthly distribution, 
direction and lane distribution, growth rate, and axle load spectra were analyzed through 
clustering process.  This was done individually to group WIM sites into relatively homogeneous 
clusters, from which influential factors and common traits were extracted. 
 In the NHCRP report 509 (5), it was stated that when budgeting for new sites are 
performed, initial costs should also include any necessary pavement rehabilitation costs.  Table 
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2.7 provides general equipment costs (5).  It was said that accuracy degrades for all types of 
WIM equipment when they are placed on rough pavement.  Other initial costs include weight 
sensors, roadside electronics, roadside cabinets, and installation.  Annual recurring costs include 
site maintenance, system maintenance, calibration, and performance evaluation. 
Table 2.8 provides an estimate of system performance, initial cost per lane, and average 
annual cost per lane (not including pavement rehabilitation costs) for all the WIM systems.  The 
estimated initial cost per lane includes the equipment and installation costs, calibration, and 
initial performance checks.  It does not include the cost of traffic control.  The estimated average 
cost per lane is based on a 12-year site design life and includes expected maintenance and the 
cost of periodic calibration and validation checks. 
Table 2.7: WIM equipment estimated initial and recurring costs  






























Total 13,500 21,500 50,500 29,000 
Installation costs/lane 








































Total 7,350 7,900 8,800 10,100 
Overall Total 29,950 45,500 82,700 53,700 
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Table 2.8: WIM system accuracy and cost comparison  
(Source: NHCRP REPORT 509) (5) 
WIM System 
Performance 
(Percent Error on 
GVW at Highway 
Speed) 
Estimated Initial 
Cost Per Lane 
(Equipment and 
Installation Only) 
Estimated Average Cost 
Per Lane Per Year (12-
Year Life Span Including 
Maintenance) 
Piezoelectric Sensor ± 10% $22,600 $7,350 
Bending-Plate Scale ± 5% $37,600 $7,900 
Piezoquartz Sensor ± 5% $43,600 $10,100 




3. DATA COLLECTION 
The study is primarily conducted to estimate the truck axle load spectra in Louisiana using the 
available traffic data and also to develop strategic plan for traffic data monitoring program.  In 
order to calculate the load spectra, two important traffic parameters namely trucks weight data 
and vehicle classification data were collected and analyzed.  To build strategic plan, portable 
WIM station data and locations, official truck route data, enforcement WIM station locations, 
and LTPP data were reviewed. 
3.1 PORTABLE WIM DATA 
Most of the data available for this study was in Traffic Monitoring Guide (TMG) format and site 
specific.  For this study, considerable efforts were made to collect the maximum possible truck 
traffic data for weight and classification from all available sites in the state.  Vehicle Travel 
Information Systems (VTRIS) data was also obtained to perform the needed analysis on 
developing axle load spectra and other inputs.  Table 3.1 below presents a summary of the traffic 
data collected for this study.  
Table 3.1: Traffic data collected for this study 
 Year 
Types of Data 2000 2001 2002 2003 2004 2005 2006 




















Stations TMG TMG TMG -- TMG TMG -- 
Some of the characteristics of the data collected from WIM stations are as follows:  
• Most of the data was collected on the outermost lane of travel 
• Most of the stations used  a portable vehicle classification device  
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• Only one lane was used for monitoring truck weight  
• Method of truck weighing was done only by portable WIM system 
• All the weight data was measured from uncalibrated equipment  
• Inductance loop, road tube and quartz piezoelectric are the three types of sensors that are 
currently being used 
3.2 TRUCK ROUTE DATA  
The officially designated truck route map was obtained from LA DOTD.  This map showed the 
trucks that travelled frequently in different regions within Louisiana.  This information was 
utilized in locating any WIM station required on a particular road section.  Maps in Figure 3.1 
through Figure 3.4 illustrate the designated truck routes within Louisiana.  The state map is 
divided into 4 regions, namely, the North-West region as shown in Figure 3.1, the South-West 
region as shown in Figure 3.2, the North-East region as shown in Figure 3.3, and the South-East 
region as shown in Figure 3.4.  
3.3 WEIGHT ENFORCEMENT SITES  
The main objective of the truck weight enforcement program is to limit the amount of damage 
caused by overweight loads to the infrastructure and to improve public safety on the highways.  
These WIM scales operate continuously upstream of static enforcement scales.  International 
Road Dynamics (IRD) organization provides WIM mainline and ramp sorting systems, to pre-
weigh and pre-sort trucks prior to weigh stations.  At weigh stations, WIM systems provide 
preliminary dynamic weight readings which can be used to pre-clear and automatically sort 
vehicles.  Only those trucks potentially in violation of weight regulations are directed to report 




















Figure 3.4: Truck routes in South East region 
 IRD's WIM systems vary widely in functionality and level of complexity, using 
piezoelectric and quartz WIM sensors, slow speed WIM scales, bending plate WIM scales or 
single load cell WIM scales.  The typical layout of a WIM enforcement station is illustrated in 
Figure 3.5.  Initially, all the trucks heading towards the truck inspection area are directed to use 
the outermost lanes.  With the help of mainline WIM/AVC sensors and electronics, the weight of 
the truck, axle spacing, vehicle height, classification, and several other data is screened.  Based 
on the weight and credential information, the truck is allowed to either bypass or forced to report 




the help of roadside message signs (12).  Using this process, the trucks that are not precleared 
must report to the truck inspection station.  Additionally, on the lanes excluding the outermost 
lane, AVC sensors are placed in order to detect violations of trucks travelling in those lanes.  The 
trucks are also tracked through tracking sensors placed on the road in order to verify the correct 
lane use. 
 In Louisiana, there are currently 13 enforcement stations located primarily on the 
Interstates and other principal arterials.  These stations are set according to IRD standards as 
described in the previous paragraph and also make use of IRD software for their calculations and 
analysis.  These stations are federally funded to operate and maintain.  Steel single load cell 
sensors are used for monitoring truck weights throughout Louisiana and are accurate within a 
range of +/- 6% with respect to corresponding axle.  For example, in case of steering axles, the 
maximum value used for verification is 12,000 lbs, 20,000 lbs for single axles, 34,000 lbs for 
tandem axles, and 80,000 lbs for gross vehicle weight of the truck.  This is the same equipment 
that is being utilized by other states at most of the permanent WIM stations.  The data collected 
by this equipment appears to be very similar to what would be obtained by permanent WIM 
stations.  The data collected using the WIM/AVI sensors is only stored for 3 months as it is used 
for sorting purposes only.  This information was provided by Leonard Cowart (LA DOTD), 
working under the WIM enforcement activity.  
 If the data is collected and stored on a regular basis from each station, it could be used for 
design purposes.  Given that there are no permanent WIM stations in Louisiana, the weight 
enforcement stations can be used as a viable substitute.  This can be achieved by connecting 
through the LA DOTD network to all the WIM enforcement sites and downloading the data 
periodically.  The data may be stored into database server at Louisiana Transportation Research 
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Center (LTRC). The conversion of raw data to useful data can be done with proper licensing and 
using IRD software.   
 
Figure 3.5: Mainline Truck Sorting at WIM enforcement stations  
(Source: International Road Dynamics Inc.) (12) 
 However, because they are collected in conjunction with enforcement activity, the state 
must be careful to ensure that these data are not biased measures of actual truck weights.  
Sometimes, truckers are aware that enforcement is taking place, and many trucks that are over-
weighed will avoid these scales.  Because these trucks avoid enforcement scales when possible, 
the data collected may not be always representative of the complete trucks population. 
Enforcement site avoidance is not a problem for all sites.  For example, in many western states, 
there are few or no by-pass routes around port of entry scales.  Thus, the scale collects a true 















weight data is monitored only on the outermost lane as trucks are required to travel on outermost 
lane while approaching the enforcement station. But in real conditions, trucks might travel in 
either of the lanes before approaching the enforcement station.  Therefore, the axle load data 
used for design purposes may not be representative of real traffic conditions if the lane 
distribution factor is not known.  Table 3.2 provides approximate locations of the enforcement 
WIM stations and Figure 3.6 illustrates the location of the enforcement stations on a map. 
Table 3.2: Location of WIM Enforcement Sites 
Site No. Highway Location Direction 
EN1 I-20 Greenwood, Caddo Parish, LA East / West 
EN2 I-20 Delta, Madison Parish, LA East / West 
EN3 US-71 Pineville, Rapides Parish, LA North/South 
EN4 LA-12 Starks, Calcasieu Parish, LA East / West 
EN5 I-10 Toomey, Calcasieu Parish, LA East / West 
EN6 I-10 Breaux Bridge, St. Martin parish, LA East / West 
EN7 I-55 Kentwood, Tangipahoa parish, LA North/South 
EN8 I-12 Baptist, Tangipahoa Parish, LA East / West 
EN9 I-10 Laplace, St. John Parish, LA East / West 
EN10 US-61 Laplace, St. John Parish, LA North/South 
EN11 I-59 LA/MS Joint port at border South Bound only 
EN12 I-10 LA/MS Joint port at border West Bound only 
EN13 I-10 55501, I-10 West, Slidell, LA North/South 
 
 




The primary objectives of this study are to address current traffic characterization, develop a 
strategic plan for traffic data collection process, and develop truck axle load spectra. The 
following steps are carried out to address the objectives of this study. 
4.1 CURRENT PRACTICES OF TRAFFIC DATA COLLECTION BY LADOTD 
Prior to developing a strategic plan, some of the characteristics of the current practices of 
collecting traffic data need to be reviewed.  This section discusses in detail the existing traffic 
practices in Louisiana, the inadequacy in LA DOTD traffic data sample, and the reliability issues 
that need to be addressed.  
4.1.1 Portable WIM Data 
The traffic data sampling information was provided by the LA DOTD team working under the 
traffic data collection program.  The sampling procedures adopted by LA DOTD in gathering 
traffic data are as follows:  
• 100 WIM sites (Out of which 60 collect only weight data and the remaining 40 collect 
both weight and vehicle classification data)  
• 200 Automatic Vehicle Classification (AVC) sites which collect vehicle classification 
data 
• 5000 sites which collect traffic volume data  
 Traffic data listed above is collected over a span of 3 years. Portable sensors are primarily 
used to collect weight data and vehicle classification data at sites monitored continuously for 48 
hours.  Inductance loop, road tube, and quartz piezoelectric are the three types of sensors that are 
being used currently at portable WIM stations.  It was noticed that there are substantial problems 
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with the present equipment that is used to capture traffic data.  Examples of such problems are 
listed below (Provided by LA DOTD): 
• Pneumatic tubes should be of same length when replaced in order to get accurate 
readings without any error. 
• The piezoelectric cables which are used at WIM stations are designed so that they are 
temperature sensitive (variation of temperature can affect the signal readings).  
Usually, this results in over-weighing lighter vehicles and under-weighing heavier 
vehicles. 
 On review of the traffic data collected from 2004 to 2006, 33 portable WIM stations were 
used in 2006, 30 portable WIM stations were used in 2005, and 33 portable WIM stations were 
used in 2004.  Table 4.1  provides a list of existing portable WIM sites in Louisiana along with 
the station ID, the number of class 9 trucks monitored in a period of 48 hours, the functional 
class of the site, and the physical address of the site location.  Table 4.2 explains the functional 
classification code for each designated road and Figure 4.1 through Figure 4.3 show the 
approximate portable WIM site locations for years 2006, 2005, and 2004. 
Table 4.1: Existing portable WIM sites in Louisiana 




Location of the site 
313 60  Missing   Missing 
21 6264 1 1.0 mi W of LA 63, Livingston,Livingston Parish   
49 3294 1 1.0 mile North of Rest Area, Slidell               
67 4256 1 East of Rest Area near Slidell                     
105 6099 1 0.2 mi W of LA 26, Jennings Jefferson Davis     
107 5985 1 1.0 mi. west of US 80 near ada Bienville         
109 4601 1 0.2 mi West of LA 9,Bienville       
111 1261 1 0.2 mi W of Greenwood interch, Caddo               
155 4560 1 1.0 mi. west of US 11, Slidell - St. Tammany       
168 2782 1 2.0 mi. N of LA 41 Spur, Pearl River - St. Tammany 




150 5985 1 Between LA 7 and LA 531,Webster             
102 7547 1 0.2 mi West of LA 328, Breaux Bridge               
106 9277 1 2.0 mi. west of LA 91, Egan Acadia           
154 6328 1 4.5 mi. east of LA 157 at Haugton - Bossier     
156 1970 1 7.5 mi. N. of LA 6 at Natchitoches - Natchitoches  
162 6379 1 1.0 mi. west of LA 415, near Port Allen - W. B. R. 
22 367 2 Riverton                                       
33 359 2 2.7 mi N of LA 4, Winnsboro                        
38 378 2 2.0 mi S of US 84, Winnfield                       
50 197 2 0.2 mi N of LA 992-3, Plaquemine-Iberville   
10 580 2 0.5 mi E of LA 1205, Libuse.   Rapides        
25 237 2 at the Texas State Line  - Many -Sabine       
77 1154 2 0.5 MILE SOUTH OF LA 83, NEW IBERIA 
123 1297 2 7.0 MILE NORTH OF LA 14 AT NEW IBERIA 
16 1729 2 0.2 mi W of LA 415, Lobdell,   W. Baton R          
32 116 2 2.0 mi W of LA 8, Jena. Lasalle             
130 171 2 0.3 mi. west of LA 772, at Trout - LaSalle         
41 18 6 1.4 mi W of LA 448, Darlington St. Helena          
45 294 6 1.3 mi North of US 190, Covington                  
46 35 6 0.3 mile East of LA 433, Rigolets                  
73 76 6 0.5 MILE SOUTH OF LA 1126, JENNINGS                
119 0 6 0.2 mi N of LA 102, Hathaway  - Jefferson Davis    
30 353 6 1.2 mi N of LA 112, Lecompte.  Rapides          
35 88 6   Missing 
34 290 6 4.1 miles North of US 80, Delhi                    
55 230 6 0.1 mi E of LA 97, Basile                          
60 220 6 0.6 mi N of LA 6, Clarence Natchitoches          
70 516 6 0.4 MILE WEST OF LA 109, STARKS                    
72 173 6 5.4 MILES SOUTH OF LA 104, MAMOU                   
127 359 6 3.7 mi. west of LA 389 at Dequincy Calcasieu      
11 24 7 0.8 mi NW of US 165, Grayson.  Caldwell         
37 80 7  Missing 
40 0 7 1.4 mi S of LA 10, Clinton                         
108 246 7 0.1 mi S of LA 155, Mt. Olive  Bienville/Jackson  
7 0 7 LA 463   2.7 mi S of LA 121, Hineston.  Rapides  
9 181 7 1.0 Mile northwest of Oberlin. Allen             
31 45 7 0.8 Mile west of US 165, Pollock                   
57 110 7 1.0 mi S of LA 10, Morganza    Pointe Coupee       
59 30 7 0.9 mi ne of US 71, Coushatta  Red River          
61 45 7 0.6 mi S of LA 120, Belmont                        
62 75 7 0.6 MI NE OF GARDNER, RAPIDES 
134 2 7 North of Patterson City Limits - St. Mary       




144 64 7 1.5 mi. north of LA 14, New Iberia  - Iberia       
166 56 7 0.5 mi. south of Main St., Colfax - Grant          
14 61 7 1.5 Mile West of US 165 - Iowa                     
36 327 7 2.3 mi N of I-20, arcadia, ClaIborne         
114 24 7 Lasalle Parish Line , Catahoula        
133 130 7 0.1 mi. west of LA 1141, Cameron - Cameron Ph      
136 134 7 0.2 mi. S. of LA 134, SWARTZ  ,Ouachita     
142 63 7 7.5 Miles west of Vermilion Ph. L - Cameron      
147 4 7 0.2 mi. east of LA 15, Mangham - Richland          
148 44 7 0.3 mi., east of LA 27, south  Calcasieu        
153 11 7 0.1 mi. north of LA 355 at Cecelia - St. Martin    
171 4 7 Legion St. 0.1 mi. West of I-210 -  Calcasieu      
17 26 8 0.3 mi E of LA 154, Sparta.    Bienville          
145 70 8 0.5 mi. north of LA 92, Youngsville - Lafayette   
132 7 9 Bet. LA 20 and LA 641, Lutcher - St. James      
53 1777 11 5.5 mi N of I-10, Carencro                         
126 0 11 Bet. Stonewall & LA 526 ,Caddo               
157 4280 11 1.0 mi. east of US 11, Slidell -St. Tammany        
24 264 11 Ryan Street overpass, Lake Charles, Calcasieu     
65 5887 11 0.6 mi E of I-220, Bossier City - Bossier          
143 1401 12   Missing 
51 1533 14 10.0 Miles South of I-10, Broussard                
112 553 14 0.1 mi N of US 90, Lafayette         
124 37 14 0.1 mi. west of LA 15, Winnsboro - Franklin        
4 140 14 0.3 MI N OF CHIPPEWA ST BATON ROUGE    
18 180 14 6.4 mi E of US 61, B. R.  , E. Baton Rouge          
52 167 14 0.2 mi W of LA 14 Bus, Abbeville, Vermilion       
56 655 14 South City Limits of Oakdale   Allen             
64 995 14 1.0 mi W of US 61, Baton Rouge E. Baton R          
115 399 14 EAST OF US 51, LAPLACE   ST JOHN 
138 55 14 0.1 mi. west of LA 3249 , West Monroe- Ouachita  
139 757 14 0.2 mi. north of LA 840-6, Monroe - Ouachita     
164 9 14 0.1 mi. West of Lakeshore Dr. L C - Calcasieu     
27 260 16   Missing 
121 49 16 North City Limits of New Iberia - Iberia           
131 26 16 0.2 mi. west of LA 182, N. of  St. Mary            
160 7 16 0.2 mi. North of LA 3092 Calcasieu.          
163 631 16 0.8 mi. North of I-10, Port Allen - W. B. R.       
167 57 16 LA 1 Bus 0.5 mi. west of LA 6, Natch. -Natc     
172 37 16 1.8 mi. South of LA 384, Lake Charles - Calcasieu  
68 15 17 0.3 mi. W. of US 71- Near Southern Univ. - S'port  
128 7 17 0.1 mi. south of Pinhook, Lafayette - Lafayette    
113 77 17 Bet. US 61 & LA 44, Laplace    St. John        
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Table 4.2: Functional Classification Code  
(Source: Traffic Monitoring Guide) (4) 
Location Functional classification  Code 
RURAL Principal Arterial - Interstate 1 
  Principal Arterial - Other 2 
  Minor Arterial 6 
  Major Collector 7 
  Minor Collector 8 
  Local System 9 
URBAN Principal Arterial - Interstate 11 
  
Principal Arterial - Other Freeways or 
Expressways 12 
  Principal Arterial - Other 14 
  Minor Arterial 16 
  Collector 17 
  Local System 19 
 
 





Figure 4.2: Portable WIM data collection sites for year 2005 
 




4.1.2 Limitations of the Current Practices of Traffic Data Collection 
In Louisiana, DOTD collects traffic loading data using portable WIM stations.  Collecting two-
day traffic data does not provide an accurate estimate of yearly, seasonal, and weekly changes in 
vehicle characteristics.  Upon the analysis and evaluation of collected traffic data, it was 
observed that there were certain limitations in the current traffic data and in the data collection 
procedures.  A few of these limitations are listed below: 
• For WIM sites where less than a year of data is collected, the assumption is that the time 
period measured gives an accurate measurement of weights for the entire year 
• If the weight data collection period is only 24 or 48 hours long, it assumes that the 
weekly and seasonal differences in truck loading patterns do not exist 
• The axle weight data (48 hours sample) is inadequate to compare two sites with axle load 
distribution factors and to build several truck weight roadway groups of similar 
characteristics.  Due to this, it is also not possible to develop axle load spectra and to 
characterize traffic loads accurately. 
• There has not been any continuous WIM data over a period of time and the short duration 
data is uncalibrated.  The axle load spectra developed by using weight data collected 
from portable WIM stations  might not well represent Louisiana traffic loadings  
• The portable WIM equipment used in this state have plenty of issues and might give 
inaccurate readings.  This may guide to erroneous result that are required by M-EPDG as 
inputs for design purposes. 
 Some of the criterions (TMG and M-EPDG) not followed by LA DOTD data collection 
processes are described as follows: 
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• A monitoring period of seven continuous days for portable WIM sites is not followed at 
any of the WIM site in Louisiana 
• According to TMG, there should be at least 6 WIM sites per truck weight roadway group 
(grouping the roads into categories experiencing similar traffic loading characteristics.) 
and one of them should be a permanent site collecting continuous data.  This site should 
be maintained in a calibrated condition, while the remaining sites can have either short 
duration counts or additional continuous counts.   
 From the MEPDG, the minimum sample size (number of days per year) required 
to estimate the normalized axle load distribution for WIM, AVC and vehicle count data is 
specified in Table 4.3 through Table 4.5. According to M-EPDG, the tables can be used as 
guidance for selecting the number of days required to collect an adequate amount of data from 
the traffic population for a specific site with the expected error and level of confidence in the 
data.  The number of days for sampling the traffic was based on analyses of LTPP traffic data 
using the predominant truck type and load for the site.  Based on the minimum sample size 
suggested by M-EPDG, it can be concluded that Louisiana traffic data has significant error and 
low confidence level in WIM and AVC data.  This is summarized in Table 4.6. 
Table 4.3: Minimum sample size (number of days per year) to estimate the normalized axle 
load distribution- WIM data  




Level of Confidence or Significance, Percent 
80 90 95 97.5 99 
20 1 1 1 1 1 
10 1 1 2 2 3 
5 2 3 5 7 10 
2 8 19 30 43 61 




Table 4.4: Minimum sample size (number of days per year) to estimate the normalized 
truck traffic distribution- AVC data  




Level of Confidence or Significance, Percent 
80 90 95 97.5 99 
20 1 1 1 2 2 
10 1 2 3 5 6 
5 3 8 12 17 24 
2 20 45 74 105 148 
1 78 180 295 --*** --*** 
Table 4.5: Minimum sample size (number of days per year) to estimate the total vehicles 
per day and year-AVC or vehicle count data  




Level of Confidence or Significance, Percent 
80 90 95 97.5 99 
20 3 7 12 16 23 
10 12 27 45 64 90 
5 47 109 179 254 --*** 
2 292 --*** --*** --***  
1 --*** --*** --*** --*** --*** 
*** Continuous sampling is required for these conditions. 
Table 4.6: Level of confidence and expected error for current LA traffic data 
Data Type Expected Error (+/– %) Level of confidence( % ) 
WIM data 5-10 80-97.5 
AVC data 10-20 90-99 
AVC or Volume count data Not in the table Not in the table 
4.1.3 Long Term Pavement Performance (LTPP) Data 
Long Term Pavement Performance is a program that collects and processes data describing the 
structure, service conditions, and performance of 2,513 pavement test sections in North America 
in order to better understand the pavement performance (13).  Highway engineers use these data 
and its analyzed results to make decisions that lead to more cost-effective and better performing 
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pavements.  The LTPP program was designed as a 20-year Strategic Highway Research Program 
(SHRP) project in 1987 (13).  
 In Louisiana, a LTPP site having permanent WIM scale is located along US-171, in the 
outside north bound lane near Moss Buff in Calcasieu Parish (14).  This site was established 
recently and is the first permanent WIM site in Louisiana.  The existing roadway along the WIM 
site is asphalt concrete and its lane width is 12 feet.  The shoulder is also asphalt concrete with 
10 feet width.  The site is instrumented with the Kistler Quartz WIM system (14) This equipment 
is reliable and automated for data collection that determines vehicle weights and dimensions, 
classifies the vehicles according to a pre-defined set of criteria and archives the vehicle records 
for future analysis.  The layout of the site is shown in Figure 4.4.   
 
Figure 4.4: Layout of the LTPP WIM site on US-171 in Louisiana  




4.2 STRATEGIC PLAN FOR WIM DATA COLLECTION PROGRAM 
Upon reviewing the current practices of the traffic data collection process adopted by LA DOTD, 
and the existing and proposed traffic data collection procedures followed by other states, a full 
understanding of all the elements required to develop a strategic plan were recognized.  The main 
objective of this task is to improve the traffic data collection process for pavement design 
practices.  This task is required because the traffic data collection process needs to be enhanced 
with time and advanced technologies for design and analysis of pavement structures.  
 According to previous studies and literature research, traffic data collection process can 
be improved only by making the traffic data more reliable, adequate, accurate, and by using 
superior technologies.  Based on the current traffic data collection procedures adopted in 
Louisiana and other states, and the traffic data inputs required by the new M-EPDG, it is 
recommended that a combination of permanent and portable WIM stations would provide the 
best possible plan for data collection process in Louisiana.  Permanent devices provide more 
extensive datasets and are generally necessary for collecting the data needed to understand 
weekly and monthly changes in traffic patterns.  Portable devices allow flexibility in collecting 
data and help ensure that data is collected from specific locations of interest.  Portable devices 
also tend to lower the cost of collecting the geographically diverse and site-specific data needed 
to develop accurate pavement design loads.  Therefore, a combination of devices (WIM and 
classification, permanent and portable) is needed to meet the traffic data collection needs for 
pavement design.  In this section, two alternative plans are proposed that could be adopted by 
LADOTD for traffic data collection process.  These plans describe the process to estimate the 
number of WIM stations needed within Louisiana and also locate the WIM stations on the 
appropriate truck route. 
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 Of all traffic monitoring methods, WIM requires sophisticated data collection sensors, 
controlled operating environment (strong, smooth, level pavement in good condition), and 
expensive equipment set up and calibration.  WIM systems are designed to measure the vertical 
forces applied by axles to sensors in a roadway.  This measurement helps estimate the weight of 
those axles if the truck being weighed is stationary.  The site should be selected and designed to 
reduce the dynamic motion of passing vehicles (4).  TMG also recommends that WIM sites 
cannot be selected in a purely random fashion because WIM equipment only works accurately on 
level ground, with good pavement, and with little or no roadway curvature (4).  This eliminates 
many potential roadway segments from consideration for truck weight data collection locations.  
The selection of new WIM sites should be based on the needs of the data collection program and 
the site characteristics of the roadway sections.  The needs of the data collection program 
include, but are not limited to, the following (4): 
• The need to obtain more vehicle weight data on roads within a given truck weight 
roadway group; 
• The need to collect data in geographic regions that are poorly represented in the 
existing WIM data collection effort; 
• The need to collect data on specific facilities of high importance (e.g., Interstate 
highways or other National Highway System routes); 
• The need to collect data for specific research projects or other special needs of the 
State; and 
• The need to collect weight information on specific commodity movements of 
importance to the State. 
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 Most of the states have adopted the procedure identified by TMG for grouping roadways.  
According to TMG, the truck weight road groups should be based on a combination of known 
geographic, industrial, agricultural, and commercial patterns, along with knowledge of the truck 
loading characteristics that occur on specific roads.  It was stated that the truck weight roadway 
groups can also be formed based on the percentage of through-trucks that exist on a roadway (4).  
The truck weight road groups in Texas were developed primarily using three variables, namely, 
geographic region, roadway functional classification, and similar truck volumes.  25 groups were 
formed and these lead to 150 WIM stations (6 sites per group in compliance with TMG).  
Similarly, truck volumes on interstate and arterial roads were examined using the vehicle 
classification count data in Virginia.  Three groups were formed with 1000 truck trailers or more 
per day for group 1, with less than 1000 truck trailers per day for group 2 (both group 1 and 
group 2 were for interstate and major arterials), and with minor arterials and collectors for group 
3.  Each group was recommended with 6 WIM sites and most of them were permanent. 
 In Louisiana, the current portable WIM station data, the LTPP site location, the WIM 
enforcement site locations, and the official designated truck routes were utilized in 
recommending the number and location of permanent WIM sites needed.  Weight data collected 
from portable WIM sites proved to be suspicious and therefore only vehicle classification data 
was utilized in recommending permanent WIM sites as this data was more accurate in terms of 
through truck volume.  Initially, all existing portable WIM sites were located on maps to 
examine the trend in truck volume based on functional classification.  This showed that the truck 
volumes on minor arterials, collectors, and local roads were insignificant, and therefore, only the 
truck volumes monitored on interstates and principal arterials were considered. Two alternatives 
plans were established considering the available traffic data.  Each plan provides a set of 
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permanent WIM stations in addition to existing and/or proposed portable sites.  For each 
alternative, the portable sites with the class 9 (most dominant) truck volumes, the WIM 
enforcement site locations, and the truck route zones were examined.  This assisted in locating 
the permanent and/or portable WIM needed, and also in eliminating unnecessary portable sites 
situated in the vicinity of proposed WIM sites.  These alternatives are described next. 
4.2.1 Alternative Plan # 1 
In this alternative, only current portable WIM data and truck route data within Louisiana were 
utilized to develop this plan.  The WIM enforcement data was assumed not available for this 
alternative.  All the portable WIM stations located on interstates and principal arterials along 
with class 9 truck volumes captured for 48hours at each portable WIM site were examined.  The 
entry and exit points along the state boundary line and the roads carrying heavy truck volume 
were located and examined.  This process guided in distinguishing the roads that had significant 
truck volumes.  Some of the roads that did not have truck volumes were also scrutinized with the 
official truck routes.  There was also a possibility of eliminating some of the unnecessary 
portable stations and also recommending additional portable WIM sites. 
 In this alternative, 29 permanent WIM stations are estimated for the entire state, out of 
which 17 are proposed on interstates and 12 on principal arterials.  These WIM sites cover most 
of the highway sections on interstates and principal arterials.  Also, there is a need for 15 
additional portable sites proposed on principal arterials.  Some of the existing portable sites 
located in the vicinity of the permanent sites should be eliminated to reduce the cost.  All the 
other portable sites should be monitored in the same position as currently located.   
 The permanent WIM sites should be monitored continuously to determine the monthly, 
seasonally, and yearly trends of the truck axle load distributions.  The existing portable WIM 
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sites are to be monitored for a week continuously to determine the weekly differences of traffic 
loadings.  In order to determine the seasonal traffic loadings, existing portable WIM sites are 
recommended to be monitored every quarter of a year.  The recommended WIM sites within 
each region are illustrated in Figure 4.5 through Figure 4.7.  This includes regions from Baton 
Rouge, Lafayette, Lake Charles, Shreveport, Slidell, Laplace, Monroe-Madison, Minden-Ruston, 
Natchitoches, Alexandria, Evangeline, Feliciana-Saint Helena, and Tangipahoa, respectively.  
 The abbreviations in Table 4.7 were used to denote the proposed and existing WIM sites 
shown in Figure 4.5 through Figure 4.7: 
Table 4.7: Abbreviations used in Figure 4.5 through Figure 4.7 
PMI ( ) Proposed permanent WIM sites on interstates 
PMA ( ) Proposed permanent WIM sites on principal arterials 
PR ( ) Proposed portable WIM stations 
Site ( ) Existing portable WIM sites on interstates and principal arterials 
 Figure 4.5 shows the Shreveport region and the surrounding area.  Four permanent WIM 
stations PMI #1, PMI #2, PMI #3, and PMA #9 are recommended on interstates and principal 
arterials.  The site PMI #1 is proposed on I-20, West of Shreveport and controls the entry and 
exit of trucks near Louisiana-Texas border and monitors the truck movement between Shreveport 
and Louisiana/ Texas border.  PMI #2 is proposed on the stretch between Shreveport and 
Eastwood on I-20, and captures the traffic generated from Shreveport region including traffic 
merging into I-20.  PMI #3 is proposed on I-49 to the south of Shreveport and monitors the 
traffic generated from Shreveport region including the traffic merging from I-20 E, I-20 W and 
US-71 into I-49.   PMA #9 is proposed to the east of Shreveport near Eastwood and examines the 
traffic on US-79.   
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 Also, PR2 and PR11 are new portable sites recommended.  Portable sites PR2 and PR11 
are to be placed on US-79/80 and US-71, respectively in order to monitor truck traffic 
conditions.  The existing portable WIM sites numbered # 65, 111, 126, and 154 are expected to 
be decommissioned as these are in close proximity to the permanent WIM sites. 
 
Figure 4.5: Map showing WIM stations in Shreveport region 
 Figure 4.6 depicts the region around Minden and Ruston on the east side of Shreveport.  
One permanent WIM station PMI #4 is recommended on interstate.  PMI #4 is proposed on the 
stretch between Minden and Arcadia on I-20, and examines the traffic generated from the 
surrounding regions including the traffic merging into I-20 from US-79, US-63, and LA-7.  And, 
PR3, PR9, and PR10 are new portable sites recommended to be placed on US-80, US-79, and 
US-371 respectively, as shown in Figure 4.6  in order to in order to monitor truck traffic 













Figure 4.6: Map showing WIM stations in Maiden-Ruston region 
 Figure 4.7 depicts the region around North-East Louisiana near Monroe and Madison.  
Three permanent WIM stations PMI #5, PMI #6, and PMA #6 are recommended in this region. 
PMI #5 is proposed on the stretch between Monroe and Rayville on I-20, and captures the traffic 
generated from the Monroe region including the traffic merging into I-20 from US-16, US-80 
and US-65.  The site PMI#6 is proposed on I-20, and controls the entry and exit of trucks near 
Louisiana-Mississippi border and also monitors the truck movement between Tallulah and LA 
border.  PMA #6 is proposed to the north of Monroe on US-165 and captures the traffic merging 
into I-20 from US-165 and also traffic departing from Monroe.  And, PR4 is a new portable site 
proposed on US-65 as shown in Figure 4.7  in order to monitor truck traffic conditions.  The 
existing portable WIM site #139 may not be required in this case. Similarly, new permanent 
WIM and portable sites are proposed on interstates and principal arterials in other regions 






near Lake Charles, Lafayette, Baton Rouge, East/West Feliciana and Saint Helena, Slidell, and 
Washington parish. These are shown in the appendix section. 
 
Figure 4.7: Map showing WIM stations in Monroe-Madison region 
4.2.2 Alternative Plan # 2 
This alternative assumes that WIM data from the weight enforcement stations is available. This 
enforcement data is supplementary to the data used in alternative #1.  Utilizing the enforcement 
WIM site locations, the number of proposed permanent WIM sites under alternative #1 is 
minimized as enforcement scales substitute for some of the proposed WIM sites.  Also the cost 
of the traffic data collection is reduced in comparison to alternative #1.  No change in the 
location of the proposed WIM sites in alternative #1 but for the sites mentioned in Table 4.8 is 
recommended.  Table 4.8 shows a summary of the proposed permanent WIM sites that can be 








enforcement sites.  In this alternative, 17 permanent WIM stations are estimated for the entire 
state, out of which 7 are proposed on interstates and 10 on principal arterials 
Table 4.8: Permanent WIM sites replaced by enforcement sites 
Permanent WIM station number Substituted by Enforcement station number/Location 
PMI 1 (I-20) EN 1  , Greenwood, Caddo Parish, LA 
PMI 6 (I-20) EN 2, Delta, Madison Parish, LA 
PMI 9 (I-10) EN 5, Toomey, Calcasieu Parish, LA 
PMI 11 (I-10) EN 6, Breaux Bridge, St. Martin parish, LA 
PMI 12 (I-10) EN 9, Laplace, St. John Parish, LA 
PMI 13 (I-12) EN 8, Baptist, Tangipahoa Parish, LA 
PMI 14 (I-10) EN 12, LA/MS Joint port at border 
PMI 15 (I-59) EN 11, LA/MS Joint port at border 
PMI 16 (I-10) EN 13, 55501, I-10 West, Slidell, LA 
PMI 17 (I-55) EN 7, Kentwood, Tangipahoa parish, LA  
PMA 3 (LA-12) EN 4, Starks, Calcasieu Parish, LA  
PMA 5 (US-61) EN 10, Laplace, St. John Parish, LA 
4.3 RECOMMENDED PORTABLE AND PERMANENT EQUIPMENT 
Upon the review of the sensors from Virginia state, Washington state and NHCRP Report 509, 
the single load cell was seen to be the most accurate and reliable equipment.  This single load 
cell provides gross vehicle weights that are within 6 percent of actual vehicle weights for 95 
percent of measured trucks.  On the other hand, Gross Vehicle Weight (GVW) is within 10 
percent for bending plate and within 15 percent for piezoelectric sensor for 95 percent of the 
measured trucks (2).  Bending plate could be used under shorter-term data collection needs (5 
years or less) and also where the traffic volume is relatively low.  This is because bending plate 
has safety issues on high volume roads and has a tendency to move out of its position in the 
pavement creating a hazard.  Piezoelectric sensor is extremely temperature sensitive and hence it 
cannot be utilized for a WIM site, which records higher truck volume.  The only limitation with 
the single load cell is that it is cost prohibitive.  The cost for installing, operating, and 
maintaining the equipment will be discussed in the next section of the report. 
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 In alternative plans, all proposed permanent WIM sites on interstates are recommended to 
utilize single load cell, principal arterials are recommended with either single load cell or 
bending plate; and the portable WIM should continue to have piezoelectric sensors for traffic 
monitoring purposes.  As the traffic volume is relatively low on principal arterials (other 
highways) than the interstate highways, there is a possibility of adopting a bending plate sensor 
instead of a single load cell. 
4.4 CRITERIA FOR BUILDING A PERMANENT WIM STATION  
 WIM sites should have the following characteristics prior to the construction of any site (4): 
• Smooth, flat (in all planes) pavement 
• Pavement that is in good condition and that has enough strength to adequately support 
axle weight sensors 
• Vehicles traveling at constant speeds over the sensors 
• Access to power and communications  
 In many cases, highway agencies have found it to be a wise investment to build 300-foot 
concrete pavement sections into which WIM scales are placed.  This gives agencies smooth, 
strong, maintainable platforms to place sensors. Strong concrete pavements generally do not 
change structural strength with changing temperatures and tend to deteriorate slowly.  Thus, 
strong concrete pavements are generally considered to be good locations for scale sensors.  A 
pavement with high-durability characteristics provides a long design life and low maintenance 
costs for the scale system (5). 
4.5 EVALUATION OF WIM DATA 
As mentioned earlier in the evaluation of traffic data section in literature review, WSDOT and 
Arkansas State performed the two quality control tests to check the consistency of WIM data 
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monitored at WIM stations.  In Louisiana, all the portable WIM sites employed from 2004 
through 2006 were evaluated in this study.  Traffic weight data was captured at 96 portable WIM 
stations within these 3 years.  The number of vehicles passing each site was not included as the 
factor for eliminating WIM sites as LA DOTD collects only 2 days WIM data, and might have 
recorded less or more trucks within that 48 hours.  Only the sites passing these two tests were 
included for the development of axle load spectra and other inputs required by M-EPDG.  The 
following are the two quality control checks. 
4.5.1 Steering Axle Load Test 
In this test, the front axle or the steering axle weights of class 9 trucks with respect to the number 
of trucks was analyzed.  This was performed by checking the steering axle weights monitored at 
each portable site whether existed within a range of 8,000 lbs – 12,000 lbs or not.  The average 
front axle weights for class 9 trucks for some of the sites have been illustrated below.  In Figure 
4.8, the average front axle weight fall well within the expected range of 8,000-12,000 lbs for site 
#38.  This verification shows that the portable WIM scale is functioning appropriately and is 
suitable for developing axle load spectra and other general factors from this WIM station. 
  



















































































 Similarly, for sites # 168 and 67, the average front axle weight lies in the range of 8,000 -
12,000 lbs and as shown in Figure 4.9 and Figure 4.10.  These sites also coincide with the 
acceptable steering axle trend characterized by LTPP and FHWA.  Thus, all the sites within 
Louisiana confirming its trend to be ideal were used for further analysis to develop axle load 
spectra. 
 Figure 4.11 and Figure 4.12 show the two plots of the average front axle weight 
monitored at sites # 53 and 112.  In Figure 4.11, it can be observed that the WIM scale is 
weighing overestimated values and the average front axle weight does not fall within the ideal 
range of 8,000 -12,000 lbs.  This is because of the reason that the WIM scale is out of calibration 
and need to be calibrated and checked repeatedly.  Also in Figure 4.12, the WIM scale is 
weighing underestimated values and needs to be calibrated.  The percentage of trucks within the 
ideal range is 20.48% for site # 53 and is 6.32% for site # 112.  Therefore, these sites were 
discarded and not used for further analysis. 
 























































































Figure 4.10: Steering axle weight (Class 9 vehicle) versus frequency for Site # 67 
 
Figure 4.11: Steering axle weight (Class 9 vehicle) versus frequency for Site # 53 
 The portable WIM sites comprising the weight data greater or equal to 60% of ideal 
range i.e. 8,000 -12,000 lbs is tolerated in this analysis.  In Figure 4.13, it can be observed that 
the peak of the average front axle weights for site # 49 lies outside the ideal range.  But this 







































































































































































that WIM site and therefore this WIM site was accepted for developing axle load spectra.  All the 
WIM sites were evaluated in a similar manner and used for further analysis. 
 
Figure 4.12: Steering axle weight (Class 9 vehicle) versus frequency for Site # 11 
 
Figure 4.13: Steering axle weight (Class 9 vehicle) versus frequency for Site # 49 
4.5.2 Gross Vehicle Weight Test 
In this test, the gross vehicle weights of class 9 trucks with respect to the number of trucks were 
analyzed.  This was performed by checking the gross vehicle weights monitored at each portable 


































































































































































– 80,000 lbs for loaded class 9 trucks.  The average gross vehicle weights for class 9 trucks for 
some of the sites have been illustrated below.  The plot gross vehicle weights vs. frequency of 
class 9 trucks in Figure 4.14 and Figure 4.15 illustrates the trend of sites # 67 and 107 and also 
coincides with the ideal plot provided by LTPP.  It can be observed that majority of the loadings 
fall well within the expected range and also exhibits two peaks for unloaded and loaded 
conditions.  Generally, the majority of trucks is expected to be either fully loaded up to the 
federal limit or empty after delivering their shipments.  But LA DOTD collects weight data only 
for 2 days and all the trucks passing through WIM stations in that 48 hours interval might 
monitor only unloaded trucks or loaded trucks or both of it.  The time period/the sample size is 
very short and therefore the two peaks were not considered as the factor for discarding WIM 
stations.   
 
Figure 4.14: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 67 
 
Figure 4.15: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 107  







































































































































 The plot in Figure 4.16 and Figure 4.17 shows the two plots of the average gross vehicle 
weight for class 9 trucks monitored at sites # 30 and 20.  In Figure 4.16, it can be observed that 
the WIM scale is weighing overestimated values, and the gross vehicle weight for fully loaded 
trucks does not fall within the ideal range of 72,000 -80,000 lbs.  This is because of the reason 
that the WIM scale is out of calibration and need to be calibrated and checked repeatedly.  This 
is similar in the case of Figure 4.17, where the WIM scale is weighing overestimated values for 
fully loaded trucks.  In this case, it is also weighing overestimated values for unloaded trucks and 
needs to be calibrated.  Because of these huge fluctuations, both sites were discarded and not 
used for further analysis. 
  
Figure 4.16: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 30 
 
Figure 4.17: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 20  















































































































































































 In Figure 4.18 , it can be observed that the peak of the average gross vehicle weights for 
fully loaded trucks on site # 157 lie just outside the ideal range, but this weight data could be in 
real.  This site has 73.2% of its loadings within the ideal range and greater than the tolerable limit 
of 60% considered in this analysis.  Therefore, this WIM site was not discarded and was utilized 
for developing axle load spectra, but need to be calibrated.  All other WIM sites were evaluated 
in a similar manner and used for further analysis.  
 
Figure 4.18: Gross vehicle weights (Class 9 vehicle) versus number of trucks for site 157 
Table 4.9: WIM sites passing steering axle and gross vehicle tests 
FUNCTIONAL CLASS SITE NUMBER 
1 
21 , 49, 67, 102, 105, 106, 107, 109, 111, 150, 154, 155, 156, 
162, 168 
2 16, 22, 25, 32, 33, 38, 50, 77, 123, 
6 41, 45, 127 
7 14, 31, 57, 59, 108, 133, 135, 142, 144, 148, 153, 171 
11 24, 65, 157 
14 18, 51, 64, 124, 138, 139, 
16 27, 163, 
17 68 


























































































 Table 4.9 lists the sites that passed the steering axle and gross vehicle weight tests with 
respect to its roadway functional class.  Out of 96 portable WIM stations, 51 sites met the 
requirements and comprised valid weight data. The WIM data from these sites were further used 
for developing axle load spectra and other inputs required by M-EPDG. 
4.6 COMPARISON OF TRUCK TRAFFIC CHARACTERISTICS  
In order to reduce the number of permanent WIM sites proposed in the alternative plans, the 
truck traffic characteristics were compared.  This was carried out by the sum of squared 
differences method.  The following equation was utilized for the analysis. 
∑i to j (Xi – Yi) 
2 
Where; 
 Xi = Variable X for curve 1 at point i 
 Yi = Variable Y for curve 2 at point i 
 Figure 4.19 shows an example for sum of squared differences method.  The differences 
between the two curves at all points on x-axis were squared and then summed.  This summed 
value showed the proximity between the two curves.  
 

























4.6.1 Testing Similar Single Axle Load Spectra and Vehicle Class Distribution 
All the WIM sites passing steering and GVW tests were included for this analysis.  The 
dominant vehicle class at some of the WIM sites was different and would have different axle 
load spectra; therefore these WIM sites were separated to form different categories.  WIM sites 
were categorized under vehicle class 9, class 5, and class 6.  Figure 4.20 illustrates the single 
axle load spectra for sites having vehicle class 9 as their dominant frequency.  It can be observed 
that the single axle load spectra are completely different for different sites.  These sites were 
checked with the sum of the differences square method to distinguish the single axle load spectra 
that were identical.  Upon the analysis, seven groups were formed under vehicle class 9 category.  
Table 4.10 lists the WIM sites in groups that were similar in single axle load spectra under 
vehicle class 9 category.  
 


















































Table 4.10: WIM sites having similar single axle load spectra 
Group # under class 9 WIM site # 
Group # 1 139, 163, 33 
Group # 2 154, 156, 38, 67, 168, 102, 155 
Group # 3 150, 106 
Group # 4 16, 162 
Group # 5 77,123 
Group # 6 22, 108 
Group # 7 49, 105 
 Figure 4.21 illustrates the single axle load spectra for WIM sites within Group 1 that were 
similar to each other.  These WIM sites were again evaluated to check the similarity in vehicle 
class distribution.  Figure 4.22 illustrates the vehicle class distribution for WIM sites within 
Group 1.  There is a minor difference in the percentage of trucks, but the trend appears to agree 
with each other.  Likewise, Figure 4.23 illustrates the single axle load spectra for WIM sites 
within Group 2 and Figure 4.24 illustrates the vehicle class distribution for WIM sites within 
Group 2 that are similar to each other.  It can be observed that these sites have good agreement 
with each other with a slight variance.  In a typical manner, groups under vehicle classes 5 and 6 
were categorized and are shown in Table 4.11. 
 



























Figure 4.22: Vehicle class distribution for Group 1   
 
Figure 4.23: Group 2 single axle load spectra for class 9  
 



















































































Table 4.11: WIM sites having similar single axle load spectra for class 5 and 6 
Group # under class 5 WIM site # 
Group # 8 133, 124 
Group # 9 24, 148, 144 
Group # 10 14, 27, 50 
Group # under class 6 WIM site # 
Group # 11 59, 135 
Group #12 138, 31 
 These sites were checked back with the permanent WIM sites that were proposed in the 
strategic plan.  This was performed to see if two or more proposed permanent WIM sites were 
positioned in close proximity to the existing portable WIM sites that had similar truck traffic 
characteristics.  With this process, some of the proposed permanent WIM sites were grouped and 
reduced.  Table 4.12 lists the proposed permanent WIM sites that were positioned in close 
proximity to the existing portable WIM sites within each group.  From this, it can be concluded 
that only one permanent WIM station should be operated within each group.  For instance in 
Group 2, there were 5 permanent WIM stations proposed next to existing WIM sites that had 
similar truck traffic characteristics.  Only one of these should be operated as permanent WIM 
and the rest existing WIM sites should be operated as portable ones.  Now in Group 3, there was 
only one permanent WIM station PMI 4 proposed close to site # 150.  Therefore, it is 
recommended that PMI 4 should be operated instead of existing portable site # 150 and site # 
106 should be operated as portable WIM within the group.  These portable WIM sites should be 
checked for similarity with the permanent WIM whenever traffic data is collected.  In some 
groups, there were none proposed permanent sites located close to the existing portable WIM 
sites and therefore these existing portable sites should be operated as practiced.  Apart from 
permanent WIM sites listed in Table 4.12, it is assumed that the proposed permanent WIM sites 
have unique truck traffic characteristics as there is no evidence for it to be similar.  The next 
79 
 
section of the report provides an implementation plan that LA DOTD can follow. PMA 
represents permanent WIM site on principal arterials and PMA represents permanent WIM site 
on interstates. 
Table 4.12: WIM sites in close proximity to proposed permanent WIM sites 
Group # under class 9 WIM site # Proposed WIM  site # 
Group # 1 139, 163, 33 PMA 7 is next to 139 
Group # 2 154, 156, 38, 67, 
 168, 102, 155 
PMI 2 is next to 154 
PMI 7 is next to 156 
PMI 14 is next to 67 
PMI 15 is next to 168 
PMI 11 is next to 102 
Group # 3 150, 106 PMI 4 is next to 150 
Group # 4 16, 162 PMA 2 is next to 16 
Group # 5 77,123 PMA 1 is next to 123 
Group # 6 22, 108 --- 
Group # 7 49, 105 --- 
Group # under class 5 WIM site # Proposed WIM  site # 
Group # 8 133, 124 --- 
Group # 9 24, 148, 144 --- 
Group # 10 14, 27, 50 --- 
Group # under class 6 WIM site # Proposed WIM  site # 
Group # 11 59, 135 --- 
Group #12 138, 31 --- 
4.7 IMPLEMENTATION PLAN 
The implementation plan for Alternative Plans 1 and 2 with an assumption of building 2 WIM 
each year have been listed and described in this section.  In other words, all the recommended 
WIM sites are listed in a prioritized order so that LA DOTD can follow up with it.  The plan is as 
follows: 
Step 1: Initially perform a pilot study scheduled on all the recommended permanent sites for a 
time period of 7 days a week every quarter for a year.  Repeat the analysis process such as, 




each other and find similarities between them.  Cluster them into different groups and make a list 
of the permanent WIM sites within each group in a prioritized order that LA DOTD could follow 
to build.  Operate only one permanent WIM within each group and the rest with portable WIM 
for 7 days a week in a year.  Table 4.13 describes the time required to complete the pilot study 
with number of WIM equipment employed.  It is assumed that portable WIM is required for 10 
days at one site, out of which 7 days is required for monitoring truck traffic and the remaining 3 
days is required to uninstall the equipment and install at the next site.  In each quarter of the year, 
there are 90 days and therefore minimum number for WIM equipment required is 4 in order to 
monitor 29 proposed WIM sites.  This also means that within 73 days, traffic data can be 
collected from all the 29 WIM sites. On not performing step 1 should directly proceed to step 2. 
Table 4.13: Time required in completing the pilot study  
No. of WIM equipment 
employed 
No. of days required 
1 ((29* 10)/ 1)= 290 
2 ((29*10)/2) = 145 
3 ((29*10)/3) = 97 
4 ((29*10)/4) = 73 
5 ((29*10)/5) = 58 
6 ((29*10)/6) = 49 
 Step 2:  This step provides a list of prioritized recommended WIM sites that LA DOTD can 
follow.  This list is based on the analysis of truck volume frequencies, truck routes, geographic 
zones, current axle load spectra and vehicle class distribution.  The WIM sites proposed in 
Alternative Plans 1 or 2 are to be built and should collect traffic data such as truck axle weights, 
vehicle classification, and volume counts.  Table 4.14 lists the prioritized proposed WIM sites 
for Alternative Plan 1.  Interstates should be given first priority and then the others.  In Table 
4.14, PMI 11 is proposed in 2009 because the truck traffic characteristics of this site are similar 
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to four other proposed WIM sites and therefore should be built in the first year.  It was also 
considered that the two WIM sites proposed each year were not in the same region.  The sites 
proposed well within the state were given much priority than the sites proposed at the border. 
Table 4.14:  List of prioritized proposed WIM sites for Alternative Plan 1 






















































 Table 4.15 lists the prioritized proposed WIM sites for Alternative Plan 2.  In this plan, 
some of the proposed WIM sites are replaced by permanent enforcement sites and therefore 
would need lesser number of years to execute the plan. 
Table 4.15:  List of prioritized proposed WIM sites for Alternative Plan 2 
Year 2009 2010 2011 2012 2013 2014 2015 2016 
Proposed WIM # PMI 8 PMI 10 PMI 3 PMA 7 PMA 4 PMA 12 PMA 8 PMA 6 




5.  RESULTS AND DISCUSSIONS 
In this chapter, results were developed with the help of existing traffic data that had valid WIM 
data.  Vehicle class distribution based on functional class, vehicle class distributions and axle 
load spectra based on truck traffic classification groups are discussed further. 
5.1 VEHICLE CLASS DISTRIBUTION FOR FUNCTIONAL CLASS 
Vehicle class distributions within the same functional class may or may not have similar 
distributions over time.  Therefore, this analysis is required to understand the vehicle class 
distributions when WIM stations are grouped by functional class.  Figure 5.1 illustrates the 
vehicle class distribution for 15 WIM sites that were monitored on Functional Class 1 (Principal 
Arterial-Interstate Rural).  It can be observed that vehicle class distribution is reasonably 
consistent between all the fifteen sites, with vehicle class 9 trucks being the dominant.  However, 
there is a slight variability in percentage of trucks for vehicle classes 5, 9, and 11.  Figure 5.2 
illustrates the vehicle class distribution for nine WIM sites that were monitored on functional 
class 2 (Principal Arterial- Other Rural).  It can be observed that, all the nine WIM sites reveal 
dissimilar vehicle class distributions with significant variability.  Vehicle class 5 and 9 are the 
two dominant classes with variability in the range of 8 - 30 % and 20 - 60 % respectively.  
 





































Figure 5.2: Vehicle Class Distribution for Functional Class 2 
 Figure 5.3 illustrates the vehicle class distribution for three WIM sites that were 
monitored on functional class 6 (Minor Arterial - Rural).  It can be observed that, all the three 
WIM sites demonstrate dissimilar vehicle class distributions with significant variability.  There is 
no evidence of the dominant class; however within this functional class, it has a mixed traffic 
composition with vehicle classes 5, 6, 8, and 9.  From all these analyses, it can be observed that 
there exists a significant variability in vehicle class distribution within the same functional 
classification.  Therefore, it is not recommended to group highways based on their functional 
classification for developing axle load spectra.  The vehicle class distributions for the other 
functional class have been illustrated in appendix. 
 




























































5.2 TRUCK TRAFFIC CLASSIFICATION GROUPS 
Previous analysis showed that there exists a significant variation in truck distribution for 
highways within the same functional classification.  Therefore, functional class grouping is not 
recommended for developing axle load spectra and other inputs required by M-EPDG.  Truck 
traffic classification (TTC) group system is a new method recommended by M-EPDG to group 
highways, which is a function of the normalized VC distribution for FHWA classes 4 through 13 
(1).  Table 5.1 lists the seventeen TTC groups developed on the basis of buses, single-unit trucks, 
single-trailer trucks, and multi-trailer trucks.  Table 5.2 defines the relationship between roadway 
functional class and TTC.  This table explains the functional class that is applicable under 
different TTC groups.  Table 5.3 is the criterion table followed to classify and group the sites 
into different TTC groups. 
Table 5.1 : General Truck Traffic Classification Descriptions 




Table 5.2 : Functional Classification and TTC Relationship  
(Source: NHCRP Report 1-37A) (1) 
 
Table 5.3 : Truck Traffic Classification Group Criteria 




 Based on TTC grouping, all the WIM sites were classified and are listed in Table 5.4.  
WIM sites were classified into eight groups, including TTC 1, TTC 3, TTC 4, TTC 5, TTC 6, 
TTC 9, TTC 12, and TTC 14.  The majority of WIM sites were classified as TTC 12, which are 
intermediate light and single trailer truck routes.  These sites encompass low to moderate level of 
buses but low to none multi-trailer trucks.  Most of the interstates were classified into TTC 1 and 
TTC 3 groups.  The WIM sites in both the groups encompass predominantly single-trailer trucks.  
Only difference is that, TTC 1 has low to none percentage of buses and moderate amount of 
multi-trailer trucks.  On the other hand, TTC 3 has low to moderate amount of buses and low to 
none percentage of multi-trailer trucks.  Likewise, WIM sites are classified into TTC 4, TTC 5, 
TTC 6, TTC 9, and TTC 14 with lesser number of sites within a group and comprising unique 
traffic characteristics. 
5.2.1 Vehicle Class Distribution for TTC Groups 
The vehicle class distribution for each developed TTC group was examined.  Figure 5.4 
illustrates vehicle class distribution for TTC 1 group and appears to have good consistency 
within the sites.  Figure 5.5 illustrates vehicle class distribution for TTC 3 group and has 
excellent agreement within the sites.  Other TTC groups 4, 5, 6, 9, 12, and 14, with vehicle class 
distributions have been illustrated in the appendix.  The other sites have a slight variation within 
each TTC group but otherwise appear to have good agreement.  The vehicle class distribution for 
TTC groups was compared with the default TTC group distribution and can be seen in Figure 5.4 
and Figure 5.5.  All the TTC groups have a good agreement and closely follow the default 
values.  This proves that TTC method offer a superior way to group sites when compared to 
functional class grouping.   
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Table 5.4: Truck traffic classification grouping for WIM sites 












VC 4 VC 5-7 VC 8-10 VC 5-10 VC 11-13 
  14 7.00 2.06 66.36 31.58 97.94 0.00 12 
  16 2 2.80 25.07 70.32 95.39 1.81 4 
  24 11 5.05 60.64 34.01 94.65 0.30 12 
  32 2 2.77 49.01 46.05 95.06 2.17 9 
  65 11 2.33 17.63 75.84 93.47 4.21 3 
  102 1 2.92 10.91 82.85 93.76 3.32 3 
  106 1 3.15 14.14 80.54 94.69 2.16 1 
2004 127 6 2.70 42.59 53.56 96.15 1.15 6 
  133 7 6.40 54.08 39.04 93.12 0.48 12 
  138 14 1.16 73.87 24.98 98.84 0.00 14 
  139 14 2.96 30.24 65.49 95.73 1.31 4 
  142 7 3.98 62.69 32.95 95.64 0.38 12 
  148 7 1.82 72.87 25.10 97.98 0.20 14 
  153 7 19.58 59.79 20.28 80.07 0.35 12 
  154 1 1.96 10.82 82.64 93.46 4.58 3 
  156 1 3.21 13.25 79.45 92.69 4.10 3 
  162 1 3.43 11.13 81.93 93.07 3.50 3 
  
163 16 2.15 39.92 55.78 95.70 2.15 6 
171 7 8.28 68.05 23.67 91.72 0.00 12 
  18 14 7.18 62.65 30.00 92.65 0.17 12 
  25 2 1.17 43.78 54.61 98.39 0.44 6 
  27 16 4.07 59.03 36.58 95.61 0.32 12 
  31 7 13.88 54.55 31.58 86.12 0.00 12 
  57 7 2.51 62.27 34.96 97.23 0.26 12 
2005 59 7 1.58 75.69 22.53 98.22 0.20 14 
  64 14 2.66 46.98 49.16 96.15 1.19 9 
  77 2 5.21 39.16 55.22 94.38 0.41 6 
  123 2 4.10 41.38 54.05 95.43 0.47 6 
  135 7 3.21 79.94 16.85 96.79 0.00 14 
  144 7 3.97 77.83 18.20 96.03 0.00 14 
  150 1 1.75 15.87 77.27 93.14 5.12 3 
  21 1 3.30 16.28 76.30 92.58 4.13 3 
  22 2 2.09 44.40 52.76 97.16 0.75 6 
  33 2 2.37 48.05 49.58 97.63 0.00 9 




  41 6 10.17 50.85 38.98 89.83 0.00 12 
  45 6 3.39 61.76 34.85 96.61 0.00 12 
  49 1 2.99 21.43 73.63 95.06 1.94 1 
  50 2 5.00 57.49 37.32 94.81 0.20 12 
2006 51 14 4.90 46.78 47.66 94.44 0.66 9 
  67 1 3.66 17.23 75.41 92.64 3.70 3 
  68 17 19.15 67.88 12.97 80.85 0.00 12 
  105 1 3.68 17.08 76.42 93.50 2.81 1 
  107 1 1.89 11.42 80.95 92.37 5.74 3 
  108 7 3.81 43.73 52.04 95.78 0.41 6 
  109 1 2.38 9.86 81.63 91.49 6.13 3 
  111 1 0.90 7.03 79.19 86.22 12.88 5 
  124 14 3.22 68.53 28.25 96.78 0.00 12 
  155 1 4.20 32.42 61.67 94.09 1.71 4 
  157 11 3.58 18.77 75.12 93.90 2.53 1 
  168 1 2.38 24.51 70.88 95.39 2.23 1 
 
 






































Figure 5.5: Vehicle Class Distribution for TTC 3 
5.2.2 Axle Load Spectra for TTC Groups 
Initially, the primary vehicle classes with respect to single, tandem, tridem axles for all TTC 
groups were examined to observe the trend in the number of axles associated with each vehicle 
class.  Thereafter, axle load spectra for single, tandem, tridem axles for combined and primary 
vehicle classes for each TTC group were developed.  This normalized axle load spectra was 
calculated using the ratio of the number of axles within each weight category to the total number 
of axles observed.  The axle load spectra with frequencies of axle weights for each vehicle class 
for TTC groups are shown in table in the appendix section.  The axle load spectra for some of the 
vehicle class is shown as zero, and is because of the reason that all vehicle classes does not 








































5.2.2.1 Single Axle Load Spectra for TTC Groups  
Figure 5.6 illustrates the average single axles monitored in each vehicle class for TTC 1.  The 
majority of single axles in TTC 1 appear to be in class 8 and 9.  Therefore, single axle load 
spectra were developed for combined classes, class 8, and class 9 for TTC 1.  
 
Figure 5.6: Single axles per vehicle class for TTC 1 
 Figure 5.7 shows combined vehicle classes single axle load spectra for TTC 1.  The 
majority of the weight for combined axle load spectra was influenced from vehicle class 8 and 9 
as observed in Figure 5.6.  Figure 5.8  and Figure 5.9 shows the single axle load spectra within 
TTC 1 for vehicle classes 8 and 9 respectively.  Likewise, Figure 5.10 illustrates the average 
single axles monitored in each vehicle class for TTC 3.  Figure 5.11, Figure 5.12, and Figure 
5.13 shows the single axle load spectra within TTC 3 for combined vehicle classes, class 8, and 





































Figure 5.7: Single axle load spectrum for combined vehicle classes for TTC 1 
 
Figure 5.8: Single axle load spectrum for vehicle class 8 for TTC 1 
 



























































Figure 5.10: Single axles per vehicle class for TTC 3 
 
Figure 5.11: Single axle load spectrum for combined vehicle classes for TTC 3 
 
Figure 5.12: Single axle load spectrum for vehicle class 8 for TTC 3  
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Figure 5.13: Single axle load spectrum for vehicle class 9 for TTC 3 
 Figure 5.14 illustrates single axle load spectra for vehicle class 9 for all TTC groups.  
Most of the TTC groups appear to have good agreement with one another, except TTC 5 and 
TTC 9.  The peak for most of the TTC groups occur close to 10,000 lbs, whereas TTC 5 has 
lower peak axle load close to 8,000 lbs and TTC has higher peak axle load close to 13,000 lbs.  
Similarly, Figure 5.15 illustrates single axle load spectra for vehicle class 5 for all TTC groups.  
All TTC groups appear to have peak axle load at 6,000 lbs except TTC 5 which is uneven and 
significantly different.   
 In Figure 5.14, default single axle load spectra for class 9 have a good agreement with 
most of the TTC groups except TTC 5.  This default spectrum has a low peak frequency than the 
rest.  Similarly in Figure 5.15, the default single axle load spectra for class 5 closely follows the 
others but with a slight low peak frequency. 
5.2.2.2 Tandem Axle Load Spectra for TTC Groups  
Figure 5.16 illustrates the average tandem axles monitored in each vehicle class for TTC 1.  The 
majority of tandem axles in TTC 1 appear to be in class 9.  Therefore, tandem axle load spectra 























Figure 5.14: Single axle load spectrum for vehicle class 9 for TTC groups 
 




























































Figure 5.16: Tandem axles per vehicle class for TTC 1 
 Figure 5.17 shows combined vehicle classes tandem axle load spectra for TTC 1.  The 
majority of the weight for combined axle load spectra appears to be from vehicle class 9 as 
observed in Figure 5.16.  Figure 5.18 shows the tandem axle load spectra for vehicle class 9 for 
TTC 1.  The loading in both the plots appear to be similar and is because vehicle class 9 
comprises 91.44 % of the total tandem axles.  Likewise, the average tandem axles monitored in 
each vehicle class, tandem axle load spectra for other TTC groups have been showed in the 
appendix section. 
 Figure 5.19 illustrates tandem axle load spectra for vehicle class 9 for all TTC groups.  
Most of the TTC groups appear to have low peak load of unloaded trucks at 10,000 lbs and high 
peak load of loaded trucks at 16,000 lbs.  Conventionally, the tandem axle load distribution 
should contain two peaks, one for unload trucks and other for loaded trucks.  There exists a two 
peak pattern in the plot but is not smooth, because of the 48 hours truck weight data.  Also, all 
1.57 0.00 4.41 0.00 0.00
91.44
































these groups have different percent of tandem axles and hence do not have good agreement with 
one another.  TTC 5 is entirely different and has a very unique loading characteristic with just 
one peak close to 14,000 lbs. 
 
Figure 5.17: Tandem axle load spectrum for combined vehicle classes for TTC 1 
 
Figure 5.18: Tandem axle load spectrum for vehicle class 9 for TTC 1 
 In Figure 5.19, a default tandem axle load spectrum for class 9 is entirely different and 












































Tandem axle load spectrum for class 9 ( X 1,000 lbs)
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for the unloaded trucks around 14,000 lbs and the other for loaded trucks around 33,000 lbs.  The 
TTC groups have lower loads compared to default value and also the two peaks are unseen.  
 
Figure 5.19: Tandem axle load spectrum for vehicle class 9 for TTC groups 
5.2.2.3 Tridem Axle Load Spectra for TTC Groups  
Figure 5.20 illustrates the average tridem axles monitored in each vehicle class for TTC 1. There 
were no tridem axles recorded at any site other than vehicle classes 7 and 10.  The majority of 
tridem axles in TTC 1 appear to be in class 10.  Therefore, tridem axle load spectra were 
developed only for combined classes and class 9 for TTC 1.  Figure 5.21 shows combined 
vehicle classes tridem axle load spectra for TTC 1.  The majority of the weight for combined 
axle load spectra appears to be from vehicle class 10.  Figure 5.22 shows the tridem axle load 
spectra for vehicle class 10 for TTC 1.  The loading in both the plots appear to be similar and is 































tridem axles monitored in vehicle class 7, tridem axle load spectra for other TTC groups have 
been showed in the appendix section. 
 
Figure 5.20: Tridem axles per vehicle class for TTC 1 
 
























































Figure 5.22: Tridem axle load spectrum for vehicle class 10 for TTC 1 
 Figure 5.23 illustrates tridem axle load spectra for vehicle class 10 for all TTC groups.  
All TTC groups appear to have low peak load close to 12,000 lbs and hence have good 
agreement with one another.  This plot might not truly represent the actual conditions due to the 
low volume of tridem axles monitored.  In Figure 5.23, a default tandem axle load spectrum for 
class 10 is entirely different and highly variable than the TTC groups.  This default spectrum 
varies from 12,000 lbs to 50,000 lbs with low frequency where as TTC groups have low axle 
load values with the maximum at 20,000 lbs.   
 













































































































6. CONCLUSIONS AND RECOMMENDATIONS 
6.1 SUMMARY 
This research primarily addresses the current traffic characterization techniques used in 
Louisiana for pavement design practices in order to identify critical changes needed, as well as 
certain gaps and areas of potential development, in the traffic monitoring process statewide.  To 
achieve this, characteristics of the current practices of collecting traffic data were reviewed 
including Weigh-in-Motion (WIM) locations, inadequacy in LA DOTD traffic data sample, the 
existing equipment used and their reliability issues.  This study also examines in detail all 
intricacies of current and anticipated data collection procedures by other states and guides in 
order to have full understanding of the all the elements required to improve the data collection 
process in Louisiana.  This study also seeks to develop a strategic plan for WIM data collection 
program to improve the traffic data collection process associated with the adoption of the new 
pavement design guide.  To achieve this, geographic zones, truck routes, WIM enforcement 
locations, and truck volumes were identified to determine the number and location of permanent 
and portable WIM sites needed.  Also, the reliable permanent equipment, costs and guidelines to 
build a permanent WIM station were recognized.  Reviewing these entire current and anticipated 
practices, two alternative plans were proposed.  This study also seeks to develop the truck axle 
load spectra based on the data currently collected in the state of Louisiana.  To develop this, axle 
load data collected at portable WIM stations were utilized.  The evaluation process based on the 
procedures recommended by different guides was performed in order to eliminate WIM data not 
suitable for axle load spectra development.  Out of 96 portable WIM stations, 51 sites passed the 
quality control tests and comprised valid weight data.  WIM data passing the evaluation tests 
were further utilized to compare the similarities in truck traffic characteristics and also to 
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develop axle load spectra and vehicle class distributions based on Truck traffic Classification 
method recommended by Mechanistic-Empirical Pavement Design Guide.  Some of the existing 
WIM sites had similar truck traffic characteristics and were grouped together to reduce the 
number of proposed WIM sites in the strategic plan.  Axle load spectra and vehicle class 
distribution results were compared to the default values. 
6.2 CONCLUSIONS 
Based on the analyses and results of this study, the following conclusions were drawn.  From the 
results of this study, it can be concluded that there exists a significant increase in truck traffic 
data characterization to be utilized in pavement design.  Strategic plan was developed by means 
of geographic zones, official truck routes, WIM enforcement locations, and truck volumes.  
Reviewing these entire current and anticipated practices, two alternative plans are proposed.  29 
permanent WIM sites are proposed in alternative #1, and 17 permanent WIM sites are proposed 
in alternative #2.   
 Before developing axle load spectra, some of the WIM sites were evaluated against 
steering axle test and gross vehicle weight test to eliminate the erroneous traffic data.  Out of 96 
portable WIM stations, 51 sites passed the quality control tests and comprised valid weight data.  
WIM sites with underestimated and/or overestimated steering and GVW distributions were 
eliminated and were not used for developing axle load spectra and vehicle class distributions.  
Forty-five WIM sites that were not included for developing axle load spectra showed the 
piezoelectric sensors were out of calibration or failed. 
 To reduce the number of proposed WIM sites in alternative plans, some of the existing 
WIM sites having similar truck traffic characteristics were grouped together with the sum of 
squared differences method; however this grouping is based on 48 hours data.  Seven groups 
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were formed under dominant vehicle class 9 category sites, three for vehicle class 5, and two for 
vehicle class 6.  It is concluded that only one permanent WIM station should be operated within 
each group.  Some WIM sites were not grouped as it had unique truck traffic characteristics  
 Single, tandem, and tridem axle load spectra and vehicle class distributions were 
developed in this study with truck traffic classification procedure.  There was no quad axles 
monitored at portable WIM sites.  All the WIM sites when grouped with truck traffic 
classification procedure had good agreement with vehicle class distribution and single axle load 
spectra default values.  Default tandem and tridem axle load spectrum was entirely different 
when compared to the TTC groups.  It was observed that there exists a significant variability in 
vehicle class distribution within the same functional classification. 
6.3 OTHER FINDINGS 
Collecting two-day traffic data does not provide an accurate estimate of yearly, seasonally and 
daily changes in vehicle characteristics.  The axle weight data (48 hours sample) is inadequate to 
compare two sites with axle load distribution factors and to build several truck weight roadway 
groups of similar characteristics.  Due to this, it is also not possible to develop axle load spectra 
(site specific) and to characterize traffic loads accurately.  There has not been any continuous 
WIM data over a period of time and the short duration data is uncalibrated.  The axle load 
spectra developed by using weight data collected from portable WIM stations might not well 
represent Louisiana traffic loadings  
 The portable WIM equipment used in this state have plenty of issues and might give 
inaccurate readings.  This may guide to erroneous result that are required by M-EPDG as inputs 
for design purposes.  Vehicle class 9 was the primary truck class for most of the existing portable 
WIM sites located on interstates and principal arterials.  The majority of tandem axles in TTC 
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groups appeared to be from vehicle class 9 and the majority of the tridem axles in TTC groups 
appeared to be from vehicle classes 7 and 10. 
6.4 RECOMMENDATIONS 
The following recommendations are made based on the development of strategic plan and axle 
load spectra. 
• Existing portable WIM sites that were excluded for developing axle load spectra should 
be calibrated and quality control tests should be performed at regular basis. 
• The traffic data from weight enforcement stations prove to be source and should be 
collected and stored periodically. 
• A pilot study is recommended for implementing proposed permanent WIM sites.  In this 
test, the proposed sites are recommended to be monitored for seven continuous days in 
every quarter of the year with calibrated piezoelectric sensors. 
• All other proposed and existing portable WIM sites should continue with piezoelectric 
sensors for traffic monitoring.   
• A monitoring period of seven continuous days for portable WIM sites is recommended 
• Existing portable WIM sites in the close proximity to proposed permanent WIM sites 
should be eliminated. 
• Single load cell is recommended for proposed permanent WIM sites located on interstates 
and bending plate is recommended for sites located on principal arterials. 
• It is not recommended to group highways based on their functional classification for 
developing axle load spectra and other factors. 




• Default values for general traffic inputs such as axle per vehicle, mean wheel location, 
traffic wander, design lane width, tire pressure, axle configuration, and wheelbase should 
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APPENDIX A: VEHICLE CLASS DISTRIBUTIONS FOR FUNCTIONAL CLASSES 
 
Figure A-1: Vehicle Class Distribution for Functional Class 7 
 




































































Figure A-3: Vehicle Class Distribution for Functional Class 14 
 


































































APPENDIX B: SINGLE AXLE LOAD SPECTRA AND VEHICLE CLASS 
DISTRIBUTIONS FOR WIM SITES HAVING SIMILAR CHARACTERISTICS 
 
Figure B-1: Group 3 single axle load spectra for class 9  
 


















































Figure B-3: Group 4 single axle load spectra for class 9  
 
















































Figure B-5: Group 5 single axle load spectra for class 9  
 

















































Figure B-7: Group 6 single axle load spectra for class 9  
 

















































Figure B-9: Group 7 single axle load spectra for class 9  
 



















































Figure B-11: Group 8 single axle load spectra for class 5  
 















































Figure B-13: Group 9 single axle load spectra for class 5  
 





















































Figure B-15: Group 10 single axle load spectra for class 5 
 















































Figure B-17: Group 11 single axle load spectra for class 6  
 
















































Figure B-19: Group 12 single axle load spectra for class 6  
 


















































APPENDIX C: VEHICLE CLASS DISTRIBUTIONS FOR TTC GROUPS 
 
Figure C-1: Vehicle Class Distribution for TTC 4 
 
Figure C-2: Vehicle Class Distribution for TTC 5 
 























































































Figure C-4: Vehicle Class Distribution for TTC 9 
 
Figure C-5: Vehicle Class Distribution for TTC 12 
 










































































































APPENDIX D:  SINGLE AXLES PER VEHICLE CLASSES, SINGLE AXLE LOAD 
SPECTRA FOR COMBINED VEHICLE CLASS, AND SINGLE AXLE LOAD 
SPECTRA FOR PRIMARY CLASSES FOR TTC GROUPS 
 
Figure D-1: Single axles per vehicle class for TTC 4 
 























































Figure D-3: Single axle load spectrum for vehicle class 5 for TTC 4 
 
Figure D-4: Single axle load spectrum for vehicle class 8 for TTC 4 
 































































Figure D-6: Single axles per vehicle class for TTC 5 
 
Figure D-7: Single axle load spectrum for combined vehicle classes for TTC 5 
 
Figure D-8: Single axle load spectrum for vehicle class 9 for TTC 5 





































































Figure D-9: Single axle load spectrum for vehicle class 11 for TTC 5 
 
Figure D-10: Single axles per vehicle class for TTC 6 
 




































































Figure D-12: Single axle load spectrum for vehicle class 8 for TTC 6 
 
Figure D-13: Single axle load spectrum for vehicle class 9 for TTC 6  
 








































































Figure D-15: Single axle load spectrum for combined vehicle classes for TTC 9  
 
Figure D-16: Single axle load spectrum for vehicle class 5 for TTC 9 
 





























































Figure D-18: Single axles per vehicle class for TTC 12 
 
Figure D-19: Single axle load spectrum for combined vehicle classes for TTC 12  
 



































































Figure D-21: Single axle load spectrum for vehicle class 8 for TTC 12  
 
Figure D-22: Single axles per vehicle class for TTC 14 
 






































































Figure D-24: Single axle load spectrum for vehicle class 5 for TTC 14  
 
Figure D-25: Single axle load spectrum for vehicle class 6 for TTC 14  
 





























































Single axle load spectrum for class 8 ( X 1,000 lbs)
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APPENDIX E:  TANDEM AXLES PER VEHICLE CLASSES, TANDEM AXLE 
LOAD SPECTRA FOR COMBINED VEHICLE CLASS, AND TANDEM AXLE 
LOAD SPECTRA FOR PRIMARY CLASSES FOR TTC GROUPS 
 
Figure E-1: Tandem axles per vehicle class for TTC 3 
 
Figure E-2: Tandem axle load spectrum for combined vehicle classes for TTC 3 
 
Figure E-3: Tandem axle load spectrum for vehicle class 9 for TTC 3 
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Figure E-4:  Tandem axles per vehicle class for TTC 4 
 
Figure E-5: Tandem axle load spectrum for combined vehicle classes for TTC 4  
 
Figure E-6: Tandem axle load spectrum for vehicle class 9 for TTC 4 
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Figure E-7: Tandem axles per vehicle class for TTC 5 
 
Figure E-8: Tandem axle load spectrum for combined vehicle classes for TTC 5 
 
Figure E-9: Tandem axle load spectrum for vehicle class 9 for TTC 5 
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Figure E-10: Tandem axles per vehicle class for TTC 6 
 
Figure E-11: Tandem axle load spectrum for combined vehicle classes for TTC 6 
 
Figure E-12: Tandem axle load spectrum for vehicle class 6 for TTC 6 
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Figure E-13: Tandem axle load spectrum for vehicle class 9 for TTC 6 
 
Figure E-14: Tandem axles per vehicle class for TTC 9 
 







































































Figure E-16: Tandem axle load spectrum for vehicle class 6 for TTC 9 
 
Figure E-17: Tandem axle load spectrum for vehicle class 9 for TTC 9 
 







































































Figure E-19: Tandem axle load spectrum for combined vehicle classes for TTC 12 
 
Figure E-20: Tandem axle load spectrum for vehicle class 6 for TTC 12 
 






























































Figure E-22: Tandem axles per vehicle class for TTC 14 
 
Figure E-23: Tandem axle load spectrum for combined vehicle classes for TTC 14 
 






























































































Tandem axle load spectrum for class 9 ( X 1,000 lbs)
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APPENDIX F:  TRIDEM AXLES PER VEHICLE CLASSES, TRIDEM AXLE 
LOAD SPECTRA FOR COMBINED VEHICLE CLASS, AND TRIDEM AXLE 
LOAD SPECTRA FOR PRIMARY CLASSES FOR TTC GROUPS 
 
Figure F-1: Tridem axles per vehicle class for TTC 3  
 
 Figure F-2: Tridem axle load spectrum for combined vehicle class for TTC 3 





















































































































Figure F-3: Tridem axle load spectrum for vehicle class 10 for TTC 3 
 
Figure F-4: Tridem axles per vehicle class for TTC 4 
 

















































































Tridem axle load spectrum for class 10 ( X 1,000 lbs)

















































































































Figure F-6: Tridem axle load spectrum for vehicle class 10 for TTC 4 
 
Figure F-7: Tridem axles per vehicle class for TTC 5 
 





















Tridem axle load spectrum for class 10 ( X 1,000 lbs)
















































































































Figure F-9: Tridem axle load spectrum for vehicle class 7 for TTC 5 
 
Figure F-10: Tridem axle load spectrum for vehicle class 10 for TTC 5 
 





































































































































Figure F-12: Tridem axle load spectrum for combined vehicle classes for TTC 6 
 
Figure F-13: Tridem axle load spectrum for vehicle class 7 for TTC 6 
 
























































































































































































































































Figure F-15: Tridem axles per vehicle class for TTC 9 
 
Figure F-16: Tridem axle load spectrum for combined vehicle class for TTC 9 
 








































































































































































































Figure F-18: Tridem axle load spectrum for vehicle class 10 for TTC 9 
 
Figure F-19: Tridem axles per vehicle class for TTC 12 
 


































































































































































































Figure F-21: Tridem axle load spectrum for vehicle class 7 for TTC 12 
 
Figure F-22: Tridem axle load spectrum for vehicle class 10 for TTC 12 
 



































































































































































































Figure F-24: Tridem axle load spectrum for combined vehicle classes for TTC 14 
 
Figure F-25: Tridem axle load spectrum for vehicle class 7 for TTC 14  
 




















































































































































































































































Tridem axle load spectrum for class 10 ( X 1,000 lbs)
148 
 
APPENDIX G: MAPS SHOWING PROPOSED WIM STATIONS IN DIFFERENT 
REGIONS 
 
Figure G-1: Map showing WIM stations in Natchitoches region 
 















Figure G-3: Map showing WIM stations in Evangeline region 
 


















Figure G-5: Map showing WIM stations in Lafayette region 
 



















Figure G-7: Map showing WIM stations in Feliciana-Saint Helena region 
 























APPENDIX H: AXLE LOAD DISTRIBUTION FACTORS FOR TTC GROUPS 
Table H-1: Normalized Single axle load distribution factors for TTC Group 1 
Axle 






















3000.00 3.19 6.18 23.26 14.85 16.32 0.65 1.23 0.20 0.59 7.31 
4000.00 2.13 13.09 17.65 13.20 12.30 0.95 1.74 0.33 0.59 6.24 
5000.00 3.19 17.59 8.51 6.27 10.27 2.48 2.17 0.57 0.98 3.23 
6000.00 7.70 21.59 4.48 1.65 9.90 3.31 3.18 1.43 3.35 4.73 
7000.00 10.73 11.56 2.85 1.98 6.82 3.51 2.68 3.79 4.33 2.58 
8000.00 18.84 8.87 5.02 0.99 6.77 12.29 8.32 6.35 9.94 4.52 
9000.00 14.58 4.37 4.66 0.66 4.73 11.59 12.00 5.30 8.46 4.73 
10000.00 15.48 4.51 7.60 3.96 6.32 18.85 20.17 10.67 14.86 7.53 
11000.00 6.96 2.58 6.56 3.63 4.67 19.63 20.32 10.75 11.52 9.03 
12000.00 5.73 2.53 6.33 10.89 5.75 17.89 15.04 9.69 10.63 12.69 
13000.00 3.03 1.59 3.76 10.56 3.45 5.92 6.94 8.39 11.32 6.45 
14000.00 3.77 1.53 2.67 11.88 3.25 2.31 4.34 10.51 9.55 6.88 
15000.00 2.21 1.09 1.76 6.27 2.20 0.43 1.08 10.43 6.59 4.09 
16000.00 0.74 0.64 1.04 6.60 1.60 0.12 0.22 7.13 2.95 4.95 
17000.00 1.31 0.78 1.45 3.63 1.77 0.03 0.14 6.84 2.76 3.23 
18000.00 0.16 0.48 0.68 0.99 1.02 0.01 0.14 3.14 0.59 3.23 
19000.00 0.16 0.39 0.90 0.66 1.09 0.02 0.22 2.73 0.79 2.15 
20000.00 0.00 0.18 0.36 0.33 0.57 0.00 0.00 0.69 0.10 1.51 
21000.00 0.00 0.27 0.23 0.00 0.42 0.00 0.00 0.37 0.10 1.51 
22000.00 0.00 0.07 0.14 0.00 0.30 0.00 0.00 0.33 0.00 0.65 
23000.00 0.00 0.04 0.05 0.33 0.21 0.00 0.00 0.24 0.00 0.86 
24000.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.12 0.00 0.65 
25000.00 0.00 0.02 0.05 0.33 0.05 0.00 0.00 0.00 0.00 0.00 
26000.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.43 
27000.00 0.00 0.01 0.00 0.00 0.03 0.00 0.07 0.00 0.00 0.00 
28000.00 0.00 0.02 0.00 0.33 0.02 0.00 0.00 0.00 0.00 0.00 
29000.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.43 
30000.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
31000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 
32000.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.22 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
35000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table H-2: Normalized Single axle load distribution factors for TTC Group 3 
Axle 



















12 Class 13 
3000.00 1.41 4.38 24.08 6.64 16.57 0.35 1.30 0.15 0.18 9.20 
4000.00 1.86 15.67 19.84 18.18 13.78 0.90 0.90 0.33 0.30 3.55 
5000.00 2.54 19.85 8.28 9.09 10.81 2.27 1.79 0.63 0.91 3.07 
6000.00 6.39 19.83 4.82 2.45 9.77 2.44 1.96 1.04 1.85 3.95 
7000.00 13.42 9.73 3.00 5.59 5.64 2.14 2.73 1.87 2.64 4.52 
8000.00 21.41 8.36 6.38 12.94 7.36 9.58 15.00 7.49 9.62 11.46 
9000.00 13.83 4.46 7.34 10.49 6.30 20.67 23.59 8.41 11.73 14.29 
10000.00 13.24 4.31 8.73 13.29 6.96 27.33 25.71 11.30 15.76 11.86 
11000.00 7.85 2.83 5.42 9.44 4.43 14.67 11.94 8.97 12.36 6.30 
12000.00 6.67 2.76 4.92 4.20 4.32 12.10 8.72 11.80 14.44 5.25 
13000.00 3.76 2.14 1.92 2.10 2.79 4.67 3.83 9.68 10.43 4.04 
14000.00 3.45 1.78 1.92 1.40 2.96 2.12 1.26 11.61 9.26 6.70 
15000.00 1.59 1.15 1.20 1.75 2.58 0.50 0.65 10.31 5.33 3.71 
16000.00 0.63 0.75 0.67 0.70 1.52 0.12 0.12 5.90 2.36 3.39 
17000.00 0.59 0.63 0.41 0.70 1.48 0.05 0.24 4.60 1.52 2.74 
18000.00 0.41 0.43 0.29 0.35 0.70 0.03 0.04 2.52 0.48 1.69 
19000.00 0.41 0.36 0.36 0.00 0.67 0.02 0.04 1.68 0.46 0.97 
20000.00 0.05 0.22 0.17 0.35 0.36 0.01 0.00 0.65 0.18 1.29 
21000.00 0.14 0.13 0.19 0.00 0.31 0.00 0.04 0.47 0.18 0.73 
22000.00 0.09 0.09 0.02 0.00 0.13 0.00 0.00 0.26 0.00 0.40 
23000.00 0.00 0.04 0.02 0.35 0.15 0.01 0.00 0.17 0.00 0.08 
24000.00 0.05 0.04 0.00 0.00 0.10 0.00 0.00 0.08 0.00 0.08 
25000.00 0.05 0.01 0.00 0.00 0.10 0.00 0.00 0.06 0.00 0.08 
26000.00 0.09 0.01 0.00 0.00 0.05 0.00 0.00 0.02 0.00 0.08 
27000.00 0.00 0.00 0.02 0.00 0.06 0.00 0.08 0.00 0.00 0.16 
28000.00 0.00 0.01 0.00 0.00 0.02 0.00 0.04 0.00 0.00 0.08 
29000.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.08 
30000.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.08 
31000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 
32000.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
35000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-3: Normalized Single axle load distribution factors for TTC Group 4 
Axle 






















3000 3.00 8.66 27.60 2.13 33.76 1.48 12.76 0.00 1.76 36.73 
4000 3.37 18.09 13.33 0.00 14.15 0.71 3.70 0.00 0.00 18.37 
5000 3.93 21.26 4.34 0.00 10.84 2.91 4.12 1.13 2.35 6.12 
6000 6.74 22.08 3.57 6.38 9.14 8.26 3.29 2.08 2.06 2.04 
7000 15.36 10.11 2.64 4.26 4.90 3.61 1.65 2.26 2.65 8.16 
8000 26.22 6.41 7.13 17.02 5.75 10.42 10.70 6.79 8.24 10.88 
9000 14.79 3.22 6.98 21.28 4.24 20.17 20.16 11.70 12.65 4.08 
10000 11.05 2.70 9.69 12.77 4.16 29.72 24.28 12.08 18.24 3.40 
11000 5.06 1.79 6.05 8.51 2.60 12.19 7.41 6.42 12.35 1.36 
12000 5.06 1.27 7.44 6.38 2.95 6.87 7.41 9.43 13.82 2.72 
13000 2.06 1.18 4.26 4.26 1.50 2.47 1.23 10.00 8.53 0.68 
14000 1.31 0.95 3.10 2.13 1.57 0.75 2.47 16.23 8.53 2.72 
15000 0.94 0.61 1.94 8.51 1.15 0.18 0.00 10.00 4.71 0.00 
16000 0.75 0.51 1.01 4.26 0.87 0.09 0.41 5.47 2.65 0.00 
17000 0.00 0.41 0.47 2.13 0.69 0.07 0.41 3.96 1.18 0.68 
18000 0.19 0.25 0.23 0.00 0.39 0.03 0.00 1.70 0.29 1.36 
19000 0.00 0.26 0.08 0.00 0.42 0.01 0.00 0.75 0.00 0.68 
20000 0.00 0.15 0.08 0.00 0.18 0.00 0.00 0.00 0.00 0.00 
21000 0.19 0.05 0.08 0.00 0.11 0.00 0.00 0.00 0.00 0.00 
22000 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 
23000 0.00 0.00 0.00 0.00 0.11 0.03 0.00 0.00 0.00 0.00 
24000 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 
25000 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 
26000 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 
27000 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
28000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
29000 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.00 0.00 0.00 
30000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
31000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
33000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-4: Normalized Single axle load distribution factors for TTC Group 5 
Axle 






















3000 0.00 1.96 36.36 0.00 8.82 0.08 3.85 0.00 0.00 0.00 
4000 0.00 1.96 7.58 25.00 9.37 0.87 0.00 0.00 0.00 0.00 
5000 0.00 4.90 4.55 0.00 4.68 1.11 0.00 0.24 0.00 0.00 
6000 12.50 16.67 3.03 12.50 5.79 0.95 3.85 0.73 0.78 0.00 
7000 12.50 15.69 9.09 0.00 10.47 9.91 7.69 6.34 8.20 0.00 
8000 25.00 13.73 16.67 0.00 10.74 51.31 23.08 13.54 20.31 33.33 
9000 18.75 7.84 10.61 25.00 8.82 27.99 34.62 6.95 14.45 0.00 
10000 18.75 8.82 4.55 25.00 11.02 6.58 15.38 12.44 20.70 0.00 
11000 12.50 8.82 1.52 12.50 10.19 0.87 7.69 16.83 18.75 0.00 
12000 0.00 3.92 3.03 0.00 3.58 0.24 0.00 19.51 10.55 0.00 
13000 0.00 6.86 1.52 0.00 4.96 0.00 0.00 11.59 5.08 33.33 
14000 0.00 3.92 0.00 0.00 6.89 0.00 3.85 7.80 0.39 0.00 
15000 0.00 3.92 1.52 0.00 2.20 0.08 0.00 3.29 0.78 33.33 
16000 0.00 0.00 0.00 0.00 1.38 0.00 0.00 0.49 0.00 0.00 
17000 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.24 0.00 0.00 
18000 0.00 0.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
19000 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 
20000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
21000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
22000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
23000 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 
24000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
25000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
26000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
27000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
28000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
29000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
30000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
31000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
33000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-5: Normalized Single axle load distribution factors for TTC Group 6 
Axle 






















3000 5.12 9.61 31.49 29.79 27.68 2.61 5.88 0.37 0.00 23.23 
4000 4.05 13.88 22.05 39.36 13.95 1.70 2.80 0.37 0.00 3.03 
5000 5.97 18.87 9.98 8.87 10.11 3.54 3.64 0.74 1.56 2.02 
6000 6.18 19.68 5.03 0.71 8.74 4.26 4.20 1.85 0.00 4.04 
7000 6.61 8.58 2.40 0.00 4.96 3.31 5.32 1.11 4.69 5.05 
8000 14.71 8.48 3.56 1.06 5.97 10.04 9.52 8.89 17.19 12.12 
9000 15.14 4.67 3.56 1.77 5.35 13.75 15.97 11.48 9.38 3.03 
10000 14.93 4.47 6.15 2.84 5.77 23.18 17.93 16.67 15.63 15.15 
11000 8.74 2.67 4.22 2.13 3.79 19.52 15.69 7.78 12.50 5.05 
12000 9.81 2.15 3.79 2.13 3.35 12.86 11.48 10.74 14.06 3.03 
13000 4.05 1.62 1.86 3.19 2.04 3.38 2.52 7.04 10.94 2.02 
14000 2.13 1.40 2.32 2.84 2.01 1.12 1.68 11.11 9.38 1.01 
15000 2.13 1.04 1.43 2.48 1.38 0.37 1.40 5.19 1.56 5.05 
16000 0.43 0.80 0.43 1.77 0.92 0.09 0.28 5.93 0.00 3.03 
17000 0.00 0.58 0.77 0.71 1.02 0.05 1.12 4.81 3.13 4.04 
18000 0.00 0.54 0.50 0.35 0.65 0.07 0.00 1.85 0.00 2.02 
19000 0.00 0.28 0.04 0.00 0.52 0.07 0.28 2.22 0.00 2.02 
20000 0.00 0.16 0.19 0.00 0.47 0.02 0.28 0.00 0.00 1.01 
21000 0.00 0.34 0.04 0.00 0.30 0.00 0.00 0.74 0.00 1.01 
22000 0.00 0.08 0.00 0.00 0.25 0.00 0.00 0.00 0.00 1.01 
23000 0.00 0.06 0.04 0.00 0.19 0.00 0.00 0.37 0.00 1.01 
24000 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.37 0.00 0.00 
25000 0.00 0.02 0.08 0.00 0.17 0.00 0.00 0.37 0.00 1.01 
26000 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
27000 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 
28000 0.00 0.00 0.04 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
29000 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
30000 0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
31000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
33000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-6: Normalized Single axle load distribution factors for TTC Group 9 
Axle 






















3000 3.15 7.12 26.98 4.76 21.05 1.93 2.90 0.41 0.00 13.33 
4000 3.37 11.31 20.38 30.25 11.02 1.57 1.87 0.00 0.00 1.11 
5000 5.17 18.04 12.44 26.89 12.76 2.20 2.70 0.00 0.00 3.33 
6000 11.69 23.76 8.64 18.77 14.07 2.63 2.70 1.22 3.57 1.11 
7000 7.42 12.24 3.85 7.00 6.94 2.96 3.94 0.41 1.79 0.00 
8000 14.16 9.03 4.09 3.08 6.51 6.13 8.09 2.45 5.36 4.44 
9000 12.36 4.27 3.07 1.12 4.71 9.46 11.00 2.45 1.79 6.67 
10000 11.91 3.98 4.30 2.80 5.64 17.12 18.46 10.61 12.50 12.22 
11000 8.99 2.49 3.97 1.96 4.18 17.98 17.63 15.10 10.71 5.56 
12000 9.21 2.13 3.93 2.52 4.30 22.94 17.22 13.47 21.43 11.11 
13000 5.17 1.53 1.84 0.28 2.05 8.39 7.47 10.20 10.71 6.67 
14000 3.37 1.22 1.72 0.56 1.95 4.73 3.32 11.02 16.07 10.00 
15000 2.25 0.68 1.06 0.00 1.44 1.23 1.66 7.35 8.93 2.22 
16000 0.22 0.37 0.65 0.00 0.67 0.33 0.21 6.53 1.79 5.56 
17000 0.45 0.66 1.02 0.00 0.87 0.13 0.41 7.35 3.57 4.44 
18000 0.45 0.29 0.86 0.00 0.46 0.03 0.00 4.90 0.00 1.11 
19000 0.22 0.25 0.37 0.00 0.51 0.03 0.00 2.04 0.00 3.33 
20000 0.00 0.19 0.20 0.00 0.33 0.03 0.00 2.04 0.00 1.11 
21000 0.00 0.19 0.29 0.00 0.16 0.03 0.41 2.04 0.00 2.22 
22000 0.00 0.19 0.12 0.00 0.08 0.00 0.00 0.00 1.79 1.11 
23000 0.00 0.04 0.08 0.00 0.07 0.07 0.00 0.00 0.00 1.11 
24000 0.00 0.02 0.00 0.00 0.07 0.03 0.00 0.41 0.00 0.00 
25000 0.00 0.00 0.04 0.00 0.08 0.00 0.00 0.00 0.00 0.00 
26000 0.00 0.00 0.08 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
27000 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 2.22 
28000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
29000 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
30000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
31000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
33000 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
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Table H-7: Normalized Single axle load distribution factors for TTC Group 12 
Axle 






















3000 4.44 9.25 34.96 15.85 27.53 1.89 6.83 0.00 0.00 39.58 
4000 2.81 12.77 17.19 16.46 14.62 1.01 4.02 0.00 0.00 10.42 
5000 2.22 19.41 7.77 3.66 11.12 2.72 4.02 0.00 0.00 2.08 
6000 5.18 22.40 4.69 3.66 10.81 2.66 3.21 0.00 0.00 4.17 
7000 7.10 10.83 2.62 5.49 5.43 2.66 0.80 0.00 0.00 4.17 
8000 19.53 7.79 2.54 3.66 5.41 6.98 4.82 20.00 0.00 6.25 
9000 17.46 4.11 3.12 8.54 4.03 12.37 11.65 20.00 25.00 2.08 
10000 15.68 3.47 5.23 6.71 5.17 25.68 17.27 0.00 8.33 8.33 
11000 8.58 2.09 4.42 6.10 2.53 17.51 17.67 40.00 16.67 6.25 
12000 6.21 2.08 3.58 2.44 2.77 15.27 14.46 10.00 0.00 0.00 
13000 3.40 1.29 2.81 7.32 1.83 4.97 6.83 0.00 0.00 6.25 
14000 2.07 0.98 2.27 4.27 1.88 3.55 2.81 10.00 0.00 4.17 
15000 1.63 0.87 2.31 1.83 1.44 0.83 1.61 0.00 8.33 0.00 
16000 0.89 0.63 1.27 1.22 1.02 0.65 0.80 0.00 8.33 2.08 
17000 0.44 0.52 1.46 4.27 1.02 0.36 0.40 0.00 8.33 0.00 
18000 0.59 0.39 0.73 0.61 0.39 0.12 0.80 0.00 8.33 2.08 
19000 0.44 0.25 1.00 1.22 0.63 0.30 0.80 0.00 0.00 0.00 
20000 0.00 0.38 0.65 1.83 0.39 0.06 0.00 0.00 16.67 0.00 
21000 0.00 0.15 0.50 3.05 0.50 0.12 0.40 0.00 0.00 0.00 
22000 0.30 0.07 0.15 0.61 0.26 0.06 0.00 0.00 0.00 0.00 
23000 0.00 0.10 0.31 0.61 0.28 0.00 0.00 0.00 0.00 0.00 
24000 0.30 0.01 0.19 0.00 0.24 0.12 0.00 0.00 0.00 0.00 
25000 0.30 0.07 0.08 0.00 0.15 0.00 0.40 0.00 0.00 0.00 
26000 0.00 0.06 0.08 0.61 0.17 0.00 0.00 0.00 0.00 0.00 
27000 0.00 0.01 0.00 0.00 0.15 0.00 0.40 0.00 0.00 0.00 
28000 0.00 0.01 0.04 0.00 0.04 0.06 0.00 0.00 0.00 0.00 
29000 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 
30000 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
31000 0.15 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 2.08 
33000 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-8: Normalized Single axle load distribution factors for TTC Group 14 
Axle 






















3000 10.53 13.51 37.95 0.00 40.67 5.75 15.63 0.00 0.00 33.33 
4000 7.37 16.88 28.32 30.00 19.18 3.10 9.38 0.00 0.00 0.00 
5000 3.16 16.48 10.78 0.00 9.71 3.98 6.25 0.00 0.00 33.33 
6000 5.26 21.16 5.02 0.00 7.22 4.42 3.13 0.00 0.00 0.00 
7000 4.21 10.09 2.25 10.00 3.85 4.42 6.25 0.00 0.00 0.00 
8000 21.05 7.04 1.79 0.00 4.50 9.73 6.25 0.00 0.00 0.00 
9000 11.58 4.19 2.48 20.00 3.02 16.37 18.75 0.00 0.00 16.67 
10000 13.68 3.62 3.06 20.00 3.43 16.37 15.63 0.00 0.00 16.67 
11000 6.32 1.91 2.19 0.00 1.66 19.47 9.38 0.00 0.00 0.00 
12000 5.26 1.46 2.19 20.00 1.78 11.50 9.38 0.00 0.00 0.00 
13000 3.16 0.81 1.04 0.00 1.12 3.10 0.00 0.00 0.00 0.00 
14000 3.16 0.90 0.75 0.00 0.83 0.88 0.00 0.00 0.00 0.00 
15000 0.00 0.57 0.63 0.00 0.77 0.00 0.00 0.00 0.00 0.00 
16000 0.00 0.33 0.23 0.00 0.47 0.00 0.00 0.00 0.00 0.00 
17000 2.11 0.45 0.52 0.00 0.47 0.44 0.00 0.00 0.00 0.00 
18000 1.05 0.12 0.52 0.00 0.24 0.00 0.00 0.00 0.00 0.00 
19000 0.00 0.33 0.12 0.00 0.24 0.00 0.00 0.00 0.00 0.00 
20000 1.05 0.08 0.12 0.00 0.18 0.00 0.00 0.00 0.00 0.00 
21000 0.00 0.04 0.06 0.00 0.24 0.44 0.00 0.00 0.00 0.00 
22000 1.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
23000 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 
24000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
25000 0.00 0.04 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
26000 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
27000 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
28000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
29000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
30000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
31000 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
33000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
41000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table H-9: Normalized Tandem axle load distribution factors for TTC Group 1 
Axle 






















6000.00 15.61 0.00 57.91 0.00 0.00 8.17 14.36 0.00 4.75 28.68 
8000.00 7.02 0.00 7.13 0.00 0.00 9.83 6.21 0.00 10.74 8.44 
10000.00 12.15 0.00 7.87 0.00 0.00 12.33 8.84 0.00 21.48 11.50 
12000.00 16.33 0.00 7.01 0.00 0.00 15.94 10.08 0.00 22.71 16.41 
14000.00 16.95 0.00 8.09 0.00 0.00 16.73 12.36 0.00 22.01 9.51 
16000.00 13.55 0.00 6.02 0.00 0.00 15.85 15.29 0.00 12.15 6.90 
18000.00 8.86 0.00 3.08 0.00 0.00 14.36 17.09 0.00 3.87 7.82 
20000.00 5.85 0.00 1.57 0.00 0.00 4.91 9.08 0.00 2.29 4.29 
22000.00 1.67 0.00 0.75 0.00 0.00 1.37 3.76 0.00 0.00 3.68 
24000.00 0.89 0.00 0.30 0.00 0.00 0.34 1.73 0.00 0.00 1.23 
26000.00 0.78 0.00 0.22 0.00 0.00 0.11 0.69 0.00 0.00 0.61 
28000.00 0.17 0.00 0.02 0.00 0.00 0.04 0.28 0.00 0.00 0.15 
30000.00 0.17 0.00 0.00 0.00 0.00 0.01 0.07 0.00 0.00 0.61 
32000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.07 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.15 
36000.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-10: Normalized Tandem axle load distribution factors for TTC Group 3 
Axle 



















12 Class 13 
6000.00 8.00 0.00 59.67 0.00 0.00 4.59 16.38 0.00 2.28 24.58 
8000.00 4.66 0.00 10.97 0.00 0.00 8.94 7.14 0.00 6.70 17.92 
10000.00 12.24 0.00 7.86 0.00 0.00 14.16 12.01 0.00 20.41 16.53 
12000.00 20.10 0.00 6.40 0.00 0.00 15.63 13.91 0.00 29.24 11.74 
14000.00 19.83 0.00 5.15 0.00 0.00 18.25 14.83 0.00 25.23 9.62 
16000.00 14.47 0.00 3.97 0.00 0.00 19.43 12.42 0.00 11.42 7.69 
18000.00 10.57 0.00 3.03 0.00 0.00 12.75 10.32 0.00 3.96 5.33 
20000.00 5.50 0.00 1.73 0.00 0.00 4.58 6.49 0.00 0.56 2.85 
22000.00 2.99 0.00 0.80 0.00 0.00 1.24 3.04 0.00 0.15 1.27 
24000.00 0.73 0.00 0.25 0.00 0.00 0.31 1.94 0.00 0.00 1.09 
26000.00 0.63 0.00 0.12 0.00 0.00 0.07 0.63 0.00 0.05 0.85 
28000.00 0.17 0.00 0.05 0.00 0.00 0.02 0.57 0.00 0.00 0.42 
30000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.20 0.00 0.00 0.06 
32000.00 0.07 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.06 
34000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-11: Normalized Tandem axle load distribution factors for TTC Group 4 
Axle 






















6000.00 9.30 0.00 40.87 0.00 0.00 7.09 26.09 0.00 0.00 22.06 
8000.00 4.07 0.00 9.45 0.00 0.00 15.02 6.96 0.00 4.55 8.82 
10000.00 16.86 0.00 17.93 0.00 0.00 19.31 18.26 0.00 6.82 13.24 
12000.00 20.93 0.00 16.40 0.00 0.00 13.38 15.22 0.00 34.09 23.53 
14000.00 22.09 0.00 8.48 0.00 0.00 10.99 11.30 0.00 40.91 27.94 
16000.00 9.88 0.00 3.96 0.00 0.00 14.42 13.04 0.00 9.09 1.47 
18000.00 14.53 0.00 1.37 0.00 0.00 13.40 6.09 0.00 4.55 2.94 
20000.00 2.33 0.00 1.13 0.00 0.00 4.43 2.61 0.00 0.00 0.00 
22000.00 0.00 0.00 0.32 0.00 0.00 1.50 0.43 0.00 0.00 0.00 
24000.00 0.00 0.00 0.08 0.00 0.00 0.29 0.00 0.00 0.00 0.00 
26000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
28000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
32000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-12: Normalized Tandem axle load distribution factors for TTC Group 5 
Axle 






















6000.00 8.33 0.00 59.85 0.00 0.00 5.85 3.85 0.00 0.78 0.00 
8000.00 12.50 0.00 12.12 0.00 0.00 18.02 15.38 0.00 12.50 0.00 
10000.00 29.17 0.00 6.82 0.00 0.00 21.77 26.92 0.00 39.06 0.00 
12000.00 16.67 0.00 11.36 0.00 0.00 25.44 32.69 0.00 35.16 25.00 
14000.00 12.50 0.00 7.58 0.00 0.00 25.71 13.46 0.00 11.72 0.00 
16000.00 20.83 0.00 2.27 0.00 0.00 3.01 7.69 0.00 0.78 25.00 
18000.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 50.00 
20000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
22000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
26000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
28000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
32000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-13: Normalized Tandem axle load distribution factors for TTC Group 6 






















6000.00 15.61 0.00 68.30 0.00 0.00 10.19 12.75 0.00 0.00 26.52 
8000.00 4.15 0.00 5.18 0.00 0.00 17.12 11.76 0.00 9.38 12.12 
10000.00 10.30 0.00 6.81 0.00 0.00 18.57 16.81 0.00 18.75 18.18 
12000.00 17.77 0.00 6.19 0.00 0.00 14.95 16.11 0.00 46.88 4.55 
14000.00 18.60 0.00 4.91 0.00 0.00 11.91 14.15 0.00 12.50 6.82 
16000.00 12.79 0.00 3.44 0.00 0.00 11.75 11.90 0.00 9.38 9.85 
18000.00 11.63 0.00 2.71 0.00 0.00 9.23 8.26 0.00 3.13 6.82 
20000.00 4.82 0.00 1.53 0.00 0.00 3.93 6.30 0.00 0.00 5.30 
22000.00 2.33 0.00 0.43 0.00 0.00 1.52 0.56 0.00 0.00 6.06 
24000.00 1.50 0.00 0.25 0.00 0.00 0.50 0.56 0.00 0.00 2.27 
26000.00 0.50 0.00 0.15 0.00 0.00 0.23 0.42 0.00 0.00 1.52 
28000.00 0.00 0.00 0.06 0.00 0.00 0.05 0.14 0.00 0.00 0.00 
30000.00 0.00 0.00 0.02 0.00 0.00 0.03 0.14 0.00 0.00 0.00 
32000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.14 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-14: Normalized Tandem axle load distribution factors for TTC Group 9 
Axle 






















6000.00 24.51 0.00 71.72 0.00 0.00 9.10 10.89 0.00 3.57 28.33 
8000.00 2.50 0.00 6.24 0.00 0.00 12.00 5.29 0.00 3.57 6.67 
10000.00 8.05 0.00 5.77 0.00 0.00 16.16 8.92 0.00 10.71 4.17 
12000.00 13.42 0.00 5.36 0.00 0.00 15.43 9.34 0.00 35.71 13.33 
14000.00 20.57 0.00 3.83 0.00 0.00 11.92 9.75 0.00 21.43 15.83 
16000.00 13.95 0.00 2.21 0.00 0.00 13.54 14.00 0.00 21.43 10.00 
18000.00 9.30 0.00 1.56 0.00 0.00 11.98 20.12 0.00 3.57 7.50 
20000.00 4.47 0.00 1.62 0.00 0.00 6.12 13.90 0.00 0.00 8.33 
22000.00 1.79 0.00 0.98 0.00 0.00 2.35 6.22 0.00 0.00 2.50 
24000.00 0.89 0.00 0.33 0.00 0.00 0.69 1.24 0.00 0.00 0.83 
26000.00 0.18 0.00 0.25 0.00 0.00 0.38 0.10 0.00 0.00 2.50 
28000.00 0.00 0.00 0.04 0.00 0.00 0.16 0.00 0.00 0.00 0.00 
30000.00 0.18 0.00 0.02 0.00 0.00 0.04 0.00 0.00 0.00 0.00 
32000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.21 0.00 0.00 0.00 
34000.00 0.18 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.04 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-15: Normalized Tandem axle load distribution factors for TTC Group 12 






















6000.00 13.01 0.00 64.88 0.00 0.00 9.08 17.06 0.00 0.00 25.00 
8000.00 3.05 0.00 4.18 0.00 0.00 12.57 6.78 0.00 0.00 3.57 
10000.00 7.57 0.00 7.56 0.00 0.00 21.13 5.61 0.00 0.00 3.57 
12000.00 13.94 0.00 6.77 0.00 0.00 16.30 8.41 0.00 16.67 10.71 
14000.00 22.18 0.00 4.80 0.00 0.00 10.86 10.05 0.00 0.00 12.50 
16000.00 15.67 0.00 4.24 0.00 0.00 8.81 8.18 0.00 33.33 14.29 
18000.00 12.75 0.00 2.63 0.00 0.00 8.58 16.59 0.00 33.33 7.14 
20000.00 6.37 0.00 2.23 0.00 0.00 7.26 14.25 0.00 0.00 8.93 
22000.00 3.72 0.00 1.63 0.00 0.00 3.35 7.24 0.00 0.00 7.14 
24000.00 0.27 0.00 0.73 0.00 0.00 1.19 2.34 0.00 16.67 3.57 
26000.00 0.93 0.00 0.21 0.00 0.00 0.50 0.70 0.00 0.00 1.79 
28000.00 0.00 0.00 0.02 0.00 0.00 0.12 1.64 0.00 0.00 0.00 
30000.00 0.27 0.00 0.04 0.00 0.00 0.05 0.23 0.00 0.00 1.79 
32000.00 0.00 0.00 0.02 0.00 0.00 0.05 0.93 0.00 0.00 0.00 
34000.00 0.13 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
36000.00 0.13 0.00 0.02 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-16: Normalized Tandem axle load distribution factors for TTC Group 14 
Axle 






















6000.00 24.39 0.00 82.47 0.00 0.00 19.58 26.56 0.00 0.00 37.50 
8000.00 7.32 0.00 3.81 0.00 0.00 13.94 15.63 0.00 0.00 12.50 
10000.00 8.13 0.00 4.50 0.00 0.00 21.46 10.94 0.00 0.00 37.50 
12000.00 17.89 0.00 2.83 0.00 0.00 11.95 6.25 0.00 0.00 12.50 
14000.00 16.26 0.00 1.79 0.00 0.00 10.07 4.69 0.00 0.00 0.00 
16000.00 13.01 0.00 1.07 0.00 0.00 9.18 4.69 0.00 0.00 0.00 
18000.00 6.50 0.00 1.24 0.00 0.00 7.08 9.38 0.00 0.00 0.00 
20000.00 1.63 0.00 1.59 0.00 0.00 3.98 15.63 0.00 0.00 0.00 
22000.00 1.63 0.00 0.40 0.00 0.00 1.88 3.13 0.00 0.00 0.00 
24000.00 0.81 0.00 0.23 0.00 0.00 0.44 0.00 0.00 0.00 0.00 
26000.00 1.63 0.00 0.06 0.00 0.00 0.33 3.13 0.00 0.00 0.00 
28000.00 0.00 0.00 0.03 0.00 0.00 0.11 0.00 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
32000.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
34000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
38000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
40000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
44000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
46000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
50000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
52000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
56000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
58000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
62000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
64000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
68000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
70000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
74000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
76000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
80000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
82000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 




Table H-17: Normalized Tridem axle load distribution factors for TTC Group 1 






















12000.00 0.00 0.00 0.00 55.59 0.00 0.00 57.27 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 19.74 0.00 0.00 17.11 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 17.87 0.00 0.00 14.97 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 5.15 0.00 0.00 8.11 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 0.55 0.00 0.00 1.99 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 0.44 0.00 0.00 0.43 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.11 0.00 0.00 0.10 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.44 0.00 0.00 0.03 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-18: Normalized Tridem axle load distribution factors for TTC Group 3 






















12000.00 0.00 0.00 0.00 68.25 0.00 0.00 53.57 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 23.81 0.00 0.00 30.36 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 7.94 0.00 0.00 16.07 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-19: Normalized Tridem axle load distribution factors for TTC Group 4 






















12000.00 0.00 0.00 0.00 87.00 0.00 0.00 69.13 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 5.08 0.00 0.00 14.81 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 4.37 0.00 0.00 11.04 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 2.60 0.00 0.00 3.39 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 0.71 0.00 0.00 1.13 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 0.24 0.00 0.00 0.13 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-20: Normalized Tridem axle load distribution factors for TTC Group 5 






















12000.00 0.00 0.00 0.00 80.00 0.00 0.00 51.25 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 4.83 0.00 0.00 15.80 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 7.13 0.00 0.00 15.22 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 4.83 0.00 0.00 10.98 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 1.84 0.00 0.00 3.66 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 1.38 0.00 0.00 1.73 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-21: Normalized Tridem axle load distribution factors for TTC Group 6 






















12000.00 0.00 0.00 0.00 55.89 0.00 0.00 57.22 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 19.25 0.00 0.00 16.61 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 18.01 0.00 0.00 15.16 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 5.16 0.00 0.00 8.36 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 0.56 0.00 0.00 2.06 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 0.45 0.00 0.00 0.44 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.11 0.00 0.00 0.10 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.45 0.00 0.00 0.03 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-22: Normalized Tridem axle load distribution factors for TTC Group 9 






















12000.00 0.00 0.00 0.00 68.25 0.00 0.00 53.57 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 23.81 0.00 0.00 30.36 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 7.94 0.00 0.00 16.07 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-23: Normalized Tridem axle load distribution factors for TTC Group 12 






















12000.00 0.00 0.00 0.00 84.26 0.00 0.00 69.76 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 6.30 0.00 0.00 14.86 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 4.56 0.00 0.00 10.77 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 3.37 0.00 0.00 3.05 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 1.09 0.00 0.00 1.04 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 0.43 0.00 0.00 0.13 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 





Table H-24: Normalized Tridem axle load distribution factors for TTC Group 14 






















12000.00 0.00 0.00 0.00 80.17 0.00 0.00 53.35 0.00 0.00 0.00 
15000.00 0.00 0.00 0.00 5.02 0.00 0.00 14.38 0.00 0.00 0.00 
18000.00 0.00 0.00 0.00 7.17 0.00 0.00 14.06 0.00 0.00 0.00 
21000.00 0.00 0.00 0.00 4.54 0.00 0.00 11.40 0.00 0.00 0.00 
24000.00 0.00 0.00 0.00 1.79 0.00 0.00 3.62 0.00 0.00 0.00 
27000.00 0.00 0.00 0.00 1.31 0.00 0.00 1.81 0.00 0.00 0.00 
30000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.64 0.00 0.00 0.00 
33000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.00 
36000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.00 
39000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
42000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
45000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
48000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
51000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
54000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
57000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
60000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
63000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
66000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
69000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
72000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
75000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
78000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
81000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
84000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
87000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
90000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
93000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
96000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
99000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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